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ABSTRACT 
Water is a limited and essential resource for living and its importance is 
understood by all. Water is a scarce resource in Australia. Many of the river 
basins in Australia cover only a small area and the rivers that drain them are 
seasonal in flow. Climate change coupled with increasing population and a 
growing economy has put stress on the existing water resources.  In the period 
of drought between 2003 and 2005 the careful consumption of water was of 
high importance and there is a consequent need to develop new methods to 
use water wisely. The state and federal governments have initiated many 
campaigns over the past decade to reduce water consumption and conserve 
water. This thesis aims to identify the relationship between socio-demographic 
factors and water consumption using multivariate analysis techniques and 
geographic information systems (GIS).   
This thesis has examined the water consumption patterns of Metropolitan 
Melbourne on a postcode level during the period 2000-2005. It has investigated 
how these patterns have altered with time and examined whether or not these 
changes are geographically linked. The effectiveness of the advertising 
campaigns and educational programs undertaken during the study period by 
The Victorian Government and its impact on Melbourne’s water usage has been 
evaluated. Moran’s I statistic was performed using water consumption to find 
spatial autocorrelation among postcodes.  Multivariate techniques of factor and 
regression analysis were used to develop a model based on socio-demographic 
predictors to estimate water consumption. The relationship between separate 
dwellings, business counts, distance from GPO, semi detached dwellings and 
academically less qualified residents has been identified in this study. The 
numbers of separate dwellings and businesses have a significant influence on 
water consumption. Water use and socio-demographic data are visualised by 
the creation of thematic maps using GIS.  
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CHAPTER 1 
INTRODUCTION AND OUTLINE 
 
1.1 Introduction 
Water is one of the basic elements of our world. It is an important resource and 
forms an essential part for the survival and existence of all plants and animals. 
Water is a limited resource for living; its significance is understood by all. For 
humans water can form a part of religion and culture and is also a crucial part 
of everyday life. Access to potable water is regarded (WHO, 2006) as a human 
right and humans use water for almost all activities such as agriculture, 
industry, transportation, electricity and recreation. Fresh water is a scarce 
resource as the amount of water that is available for human consumption is 
very small. The world’s fresh water resources form only 3 percent of the total 
water on earth and only 0.5 percent of this is available for human use (World 
Business Council for Sustainable Development, 2005). This research study will 
examine the water use of Greater Melbourne using various socio-demographic 
characteristics to identify relationships between these variables and water 
consumption. By understanding the relationship between water consumption 
and socio-demographics water demand forecasters can make better estimates 
of water demand and efficient water conservation can be achieved by targeting 
specific socio-demographic groups for specific education and awareness 
programmes. 
The water consumption pattern for Metropolitan Melbourne during the period 
2000-2005 will be examined on a postcode level. This study will explore the 
presence of any particular trend in water use and will also examine the 
possibility of any geographical relationship. Various socio-demographic 
variables such as income, age group, qualification, home ownership, dwelling 
type and distance from Melbourne’s CBD are investigated to explain water 
consumption in Melbourne. Water consumption or water use has been shown 
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to be different between low and high income groups in urban areas (Dube and 
Zaag, 2003). This research will try to understand and estimate the socio-
demographic relationship of water consumption in Greater Melbourne using 
multivariate analysis techniques. Factor and regression analysis are used to 
develop a model based on socio-demographic predictors to estimate water use. 
From this study the changing trends in water consumption can be visualised by 
creation of thematic maps using geographical information systems (GIS). This 
study will evaluate how effective advertising campaigns and educational 
programs, undertaken during the study period, have been in reducing the per 
capita usage of water in Melbourne.   
1.2 Research questions and objectives 
The main research objective of this thesis is to identify the relationship between 
socio-demographic factors and water consumption in Metropolitan Melbourne. 
The research questions that need to be defined in order to answer the main 
research objective are as follows –  
1. Does current water consumption show a spatial pattern? 
2. Is there a socio-demographic influence on water consumption in 
Metropolitan Melbourne?  
3. Do government initiatives or interventions have an effect on water 
consumption?  
The research objective is “does water consumption vary between people of 
different socio-demographic backgrounds and has the per capita usage of 
water in Melbourne decreased over time?” From this thesis it will be possible to 
visualise the changing trends in water consumption. It should also be possible 
to understand how effective the advertising campaigns and educational 
programs undertaken during this time have been. Through this research 
attempt will be made to understand who uses more water based on 
demographic factors including age, income and education qualifications etc.   
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The methodology to be adopted to achieve the research objectives will involve 
creating a digital database using water consumption data from City West 
Water, South East Water and Yarra Valley Water and socio-demographic data 
from the Australian Bureau of Statistics (ABS). This data together with other 
spatial and geographic data such as postcode, lot count and distance from 
GPO are joined on a postcode level and analysed using multivariate analysis 
techniques. Moran’s I statistic was adopted to study spatial patterns in water 
consumption. The Statistical Package for the Social Sciences (SPSS) software 
was used to execute the factor analysis and regression analysis to finally obtain 
a suitable model that explains the relationship between water consumption and 
socio-demographic variables. Once the model is obtained the various attributes 
are used to create thematic maps using GIS. 
1.3 Research Rationale 
Water supply is a critical issue and much research has been done in this field 
(Lee, 2001). The availability of water, water harvesting, water quality, 
treatment, reuse and disposal are the main issues and a great deal of 
investigation has been done in these fields (McDonald & Kay, 1988; 
Falkenmark & Lindh, 1976). Many studies have also been conducted on the 
economics of water supply and also the way people tend to use water 
(Campbell, Johnson & Larson, 2004; Troy and Holloway, 2004). Through 
reports from the various water agencies we know that per capita water 
consumption is reducing slowly and people are becoming aware of the 
importance of conserving water (DSE, 2005a). 
Water covers 70 percent of the earth’s surface and 97 percent of the total water 
on the earth is saline, with fresh water only forming the remaining 3 percent. 
Within this limited amount of fresh water, approximately 69 percent is in the 
form of glaciers and permanent snow, and 30 percent is ground water 
(Shiklomanov and Rodda, 2003).  Of the potable fraction 80 percent is used for 
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agriculture (Allison, 2003) and 20 percent of it is utilized for industrial, 
residential and recreational activities. 
 The population of the world has tripled in the 20th century and the demand for 
water resources has also increased (World Water Assessment Programme, 
2003). Such growth combined with increased urbanisation, industrialisation and 
agricultural needs has caused serious water issues. The world is consuming 
water at unprecedented levels and water shortages are common. Around 460 
million people worldwide suffer serious water shortages and if present water 
consumption trends continue another 25 percent of the world’s population will 
find water a scarce commodity (Centre for Economic and Social Rights 
(CESR), 2002). Nowadays, water has a price and most people have to pay to 
receive water.  
Water is also a scant resource in Australia. Australia is known as a dry 
continent and its rainfall is the lowest of the continents (excluding Antarctica). 
The only reliable and permanent water supply for much of the arid outback is 
the Great Artesian Basin which is the largest ground water reserve in the world 
and underlies 22 percent of the Australian continent (Pigram 1986). The 
Australian continent is made up of 12 drainage divisions with 245 river basins 
(ABS 1996). Many of these river basins cover only a small area and the rivers 
that drain have seasonal flows.  
The recognition of our need to achieve sustainable development has led to a 
critical focus on water consumption. Melbourne consumes on an average 
480,000ML of water a year from the Yarra, Thomson and Goulburn Basins 
(Melbourne Water, 2006f). Water is distributed in metropolitan Melbourne by 
three major distributors namely City West Water in the western suburbs, Yarra 
Valley Water in the north eastern suburbs and South East Water in the south 
eastern suburbs.  
Determining an Urban Water Consumption model based on Socio-Demographic Factors 
Chapter 1 – Introduction and outline                                                                                             5 
 
 
Figure 1.1: Retail water distributors in Metropolitan Melbourne (Source: 
Water Smart, 2006). 
Australia is ranked 40th in the world for water wealthiness (Healey, 2003). This 
is from a ranking of 122 countries conducted by the United Nations. Water 
wealthiness is defined as the amount of water resources available in the form 
of rivers, streams, springs, lakes and ground water. The per capita water use in 
Australia is among the highest in the world, despite being the driest inhabited 
continent (Melbourne Water, 2006d). Over a quarter of Australia’s river systems 
are close to, or have exceeded, sustainable extraction limits, and two-thirds of 
water extracted is from these stressed systems (Healey, 2003). A water audit 
by NWC has found that more than 26 per cent of rivers, streams and creeks 
have too much water extracted from them, while about 34 per cent of 
Australia’s groundwater was also being overused (Healey, 2003). 
Melbourne's water supply catchments cover more than 157,000 hectares of 
natural forest area in the Yarra Ranges, much of which is conserved for the 
sole purpose of harvesting water (Melbourne Water, 2006e). There are nine 
water storage reservoirs with a total capacity of approximately 1,773,000 ML 
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(Melbourne Water, 2006e). Water consumption is a matter of concern. 
Melbourne is suffering from numerous water restrictions due to continuing 
drought conditions in Victoria (Melbourne Water, 2001a; 2002a; 2003a; 2005a; 
2006a). With permanent water restrictions in Victoria it is important that we 
understand the trends in water consumption in detail and comprehend the 
variation in water usage among people of different socio-demographic 
backgrounds. This will help to identify specific groups that consume more water 
and thereby develop better measures to conserve water. With the help of 
multivariate analysis and GIS we can visualise water consumption over space 
and time and also compare these spatial-temporal patterns to consumers from 
different socio demographic backgrounds. 
1.4 Scope of the thesis 
Water consumption is related to a number of factors including topographic 
variables, land use patterns, rainfall, temperature, etc. The scope of this study 
is limited to understanding the influence of socio-demographic factors on water 
consumption in Melbourne and to derive a model using factor analysis and 
regression analysis. Spatial variables like number of lots, postcode area and 
distance from GPO are used in this thesis to study the presence of spatial 
patterns. Finally the different government initiatives and interventions are 
evaluated. 
1.5 Organisation of the thesis 
This thesis is organised into eight chapters and five appendices. It begins with 
the introduction followed by the literature review, the data used for analysis, the 
methodology adopted, the results obtained and finally the conclusions. The 
thesis has five appendices which contain the complete list of analysis data, it 
contains the multivariate analysis results and the thematic maps generated 
using the actual and derived data. 
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1.5.1 Chapters 
Chapters 2, 3 and 4 form the literature review for this thesis followed by 
chapters 5, 6 and 7 which form the analysis part and chapter 8 contains the 
conclusions. 
Chapter 2 describes global water resources and its accessibility. The current 
water scarcity around the globe is explained and water availability based on 
social and economic development is discussed. Furthermore chapter 2 looks 
into Australian water resources and their availability. The water consumption 
patterns of the different Australian states are discussed. 
Chapter 3 explores the various government interventions introduced worldwide 
and explains the various strategies adopted to reduce water consumption. 
Water conservation initiatives like public awareness, water pricing and water 
reuse are discussed. The Australian and Victorian Government initiatives and 
policies are investigated. The various water reforms introduced in Australia and 
Victoria are discussed. 
Chapter 4 explains the influence of socio-demographic factors on water 
consumption. The Australian socio-demographic characteristics are explored. 
Factors such as population, family, education, employment, income and 
dwelling and their trends are discussed. The relationship between socio-
demographic and water consumption is described based on education 
campaigns, lifestyle, dwelling types, lot size and household or family size. 
Chapter 5 explores the study area of Metropolitan Melbourne. The water 
consumption pattern and water initiatives introduced in Melbourne are 
discussed. The analysis data obtained from the various water authorities and 
the socio-demographic data from the ABS is explained. The procedure adopted 
to prepare the data for analysis is explained here. 
Chapter 6 defines the entire process used to determine the relationship 
between water consumption and socio-demographic variables. The multivariate 
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data analysis technique of factor and multiple regression analysis is discussed. 
The methodology adopted to obtain a suitable regression model is explained 
and the results obtained during various stages of the analysis are discussed in 
detail. 
Chapter 7 the relevance of the analysis procedure is explained and the 
predictor or influential variables present in the model are identified. The 
resultant model is tested against the assumptions made and finally validated. 
Chapter 8 is the final chapter where the thesis results are evaluated. The 
research objectives are reviewed and the possible applications are discussed. 
The further research possibilities are also explained here. 
1.5.2 Appendices 
Appendix 1 contains the details of the water consumption data obtained from 
City West Water, South East Water and Yarra Valley Water.  
Appendix 2 consists of the list of all the socio-demographic variables originally 
extracted and final set of variables used in the multivariate analysis.  
Appendix 3 and 4 contain the results of the factor and regression analysis 
respectively.  
Appendix 5 contains all the thematic maps generated using the analysis data 
and the final model. 
1.6 Summary 
In this chapter the research questions and objectives were defined. The 
research rationale, the data required, the methodology to be adopted and the 
expected output is explained. An overall understanding of the thesis was 
discussed in this chapter. The organisation of the thesis on a chapter basis was 
discussed here. In the next chapter global water resources and the present 
water scarcity is discussed. Global water stress and crisis is explained.  Water 
resources in the Australian environment are also explained and the water 
consumption patterns of the different states are discussed. 
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CHAPTER 2 
GLOBAL AND AUSTRALIAN WATER CONSUMPTION PATTERNS 
 
2.1 Introduction 
This chapter will review global water resources and how the water demand and 
water consumption patterns are ever changing. The present global water crisis 
and its effects on the world communities are discussed. It will then look into 
water scarcity, the different indicators used to interpret water scarcity and water 
availability based on socio-economic conditions. Furthermore Australian water 
resource distribution and water usage patterns in major Australian cities are 
discussed. 
2.2 Global Water Resources 
Water is an abundant and widely distributed natural resource worldwide. But 
freshwater of which about two thirds is locked up in glaciers and ice sheets 
forms only 2.53 percent of the total water on the earth. Precipitation is the main 
source of water for all. The main freshwater sources are rivers, lakes, ground 
water and constructed reservoirs and all are renewed by runoffs from 
precipitation (WWAP, 2003). Over the world there are hundreds of rivers big 
and small of which there are 20 rivers with catchment areas between 3 million 
to 1 million km2 and 89 rivers with basin areas from 1 million km2  to 100,000 
km2. There are about 15 million lakes globally and their total water surface area 
is about 2 million km2 or 1.5 percent of land area excluding Antarctica 
(Shiklomanov and Rodda, 2003). There are 88 large lakes with water surface 
area exceeding 1000 km2, of these lakes four are in Australia. According to 
Shiklomanov and Rodda (2003) there are about 30,000 reservoirs globally with 
a volume greater than 1 million m3. There are about 2500 reservoirs with 
capacity larger than 100 million m3 which is about 90 percent of the volume and 
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area of all the world’s reservoirs. About 80 percent of runoff drains into the 
ocean and only 20 is percent retained on land or does not reach the ocean 
(Shiklomanov and Rodda, 2003).  
About 8 percent of total annual renewable freshwater and 54 percent of the 
accessible runoff is withdrawn for human use (WWAP, 2003). Global water 
resources are under stress due to huge abstractions from water sources 
because of increasing demands, runoff changes due to large scale construction 
and agricultural practices, water pollution and climate change. These factors 
along with spatial and temporal variations in accessible water is making water 
scarce for human use and leading to a water crisis. Figure 2.1 shows the global 
overview of freshwater resources verses human demand. 
 
Figure 2.1: Water resource availability versus population (Source: 
WWAP, 2003). 
2.3 Global Water Crisis  
Water has been regarded as a valuable resource since ancient times. Access 
to water is a basic human right and the United Nations has accepted this, 
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stating that water is not only a commercial product but also a social and cultural 
need (UN-Water, 2006). According to the World Health Organisation (WHO) 
about 1.1 billion people globally lack access to safe and affordable water for 
their domestic use (WHO, 2006).The World Health Organisation estimates that 
diseases caused through drinking contaminated water claims the lives of five 
million people annually. The UN has also proclaimed the period from 2005 to 
2015 as the international decade for action, “Water for Life” (WHO/UNICEF, 
2005). 
Water degradation in both quantity and quality has become a global problem. 
The growing problem of water contamination coupled with scarcity, the over 
utilisation water resources and the prohibitive cost of major water infrastructure 
is deepening the water crisis. Water consumption has increased drastically 
worldwide and the estimate is that human water consumption could triple in the 
next 30 years and at least 40% of the world's population will live in countries 
that suffer from a chronic water shortage (WHO/UNICEF, 2005). Today, more 
than 50 countries suffer from a dramatic shortage of water. To address this 
critical water crisis, the first World Water Summit was held at The Hague in 
March 2000. The UN, World Water Council, the World’s Governments and 
Development Organisations have introduced different approaches to tackle the 
water crisis. 
The world population has tripled through the 20th century and water use has 
increased six-fold (Healey, 2003). This has created great environmental 
damage, causing half of the world’s wetlands to disappear, some rivers do not 
reach the sea anymore and 20% of freshwater fish are endangered (Healey, 
2003). This population growth along with increased industrialization and 
urbanization has resulted in an increasing demand for water which will have 
serious consequences on the environment.  
Based on the World Water Development Report (WWDR) “Water for People, 
Water for Life”, (2003) between 1970 and 1990 the per capita water supplies 
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decreased worldwide by a third; and developing countries on an average use 
30 to 50 per cent less water than developed countries. This first WWDR is a 
joint undertaking of twenty-three United Nations (UN) agencies, and is a major 
initiative of the new World Water Assessment Programme (WWAP) established 
in 2000, with its Secretariat in the Paris headquarters of the United Nations 
Educational, Scientific, and Cultural Organization (UNESCO). 
About 188 countries and territories ranked in the report already are in a state of 
chronic water shortage. Kuwait, the Gaza Strip, the United Arab Emirates, 
Malta and Singapore are among the poorest in terms of water resources. The 
water-wealthy include Greenland, Canada and Iceland. Australia ranks 40th on 
the list of countries with enough water resources (Healey, 2003). The UN report 
estimates that the effects of climate change such as inconsistent rainfall and a 
rise in the sea level coupled with pollution due to 2 million tonnes of waste 
being dumped daily into the world’s waters will account for 20 per cent of the 
decline in available water resources (WWAP, 2003). This means that the 
countries already suffering from water shortages will be hardest hit. By 2050 as 
many as 7 billion people in 60 countries worldwide could face water shortages 
and the average water supply per person worldwide will have dropped by a 
third within the next 20 years (Healey, 2003). 
"There is a water crisis today. But the crisis is not about having too little water 
to satisfy our needs. It is a crisis of managing water so badly that billions of 
people - and the environment - suffer badly."  (World Water Vision Report p19, 
2000) 
The water crisis is the cause and symptom of poverty of a large percentage of 
the world’s population. Giving the poor better access to water and improved 
management systems can help a lot to eradicate poverty. Better management 
will enable us to deal with the growing per capita scarcity of water in many 
parts of the developing world. As we deal with life in this third millennium, 
solving the water crisis in its various aspects is but one of the several 
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challenges. Of all the social and natural resource crises we humans face, the 
water crisis is the one that lies at the heart of our survival and that of our planet 
Earth (WWAP, 2003). So we have to give the water crisis an important position 
in terms of problem-solving and conflict resolution.  
2.4 Water Scarcity 
When an individual or community in an area, lack proper or no access to water; 
for their basic requirements to sustain their livelihoods over a period of time, 
then that area is suffering from water scarcity (Rijsberman, 2005).   
 It is interesting to note that a number of global water scarcity studies conclude 
that a large proportion, nearly two-thirds of the world population will be affected 
by water scarcity over the next several decades (Alcamo et al., 2000, Wallace 
J.S and Gregory, 2002). Rijsberman (2005) states that an area qualifies as 
“Water Scarce” mainly based on three deciding factors, namely  
(a) The estimated water demand of any given population, 
(b) A fraction of the water resources are available or could be made 
available and  
(c) The spatial and temporal measures used to define scarcity.  
It is important to understand water scarcity, as it helps to assess whether the 
water needs of humans and their environment can be met. This also will help 
policy makers to address the water crisis issue effectively. The most common 
water scarcity indicators are discussed below – 
2.4.1 Water Stress Index 
Water scarcity is calculated based on the water demand per capita per year 
and this is used to determine the water availability per capita per year or “water 
scarcity”. Water scarcity is depicted using the “Water stress Index” or 
“Falkenmark indicator” (Falkenmark et al., 1989). Falkenmark et al., (1989) 
Determining an Urban Water Consumption model based on Socio-Demographic Factors 
Chapter 2 – Global and Australian Water Consumption Patterns                                                  14 
 
proposed that countries whose water demand cannot meet the threshold water 
supply of 1700m3 per capita per year are said to experience water stress and 
when water supply falls below 1000m3 it is called water scarcity and below 
500m3, absolute scarcity. Water scarcity causes deterioration of water 
resources like aquifer over-exploitation, dry rivers, eutrophication and water 
pollution. 
 
Figure 2.2: Water scarcity using the Water stress Index (Source: Wallace, 
2000). 
2.4.2 Water Resources Vulnerability Index 
When more water is used than there is available an imbalance is created 
between water usage and water availability which causes the water resources 
to become vulnerable.  Water Resources Vulnerability Index is a criticality ratio 
that measures the proportion of water consumed with respect to total 
availability (Alcamo et al., 1997, 2000). Alcamo et al (1997, 2000) suggest that 
if a country’s annual water demand is between 20% and 40% of the annual 
water supply then it is water scarce and highly water scarce if this figure 
exceeds 40%.  From Figure 2.3 we can see that the water stress indicator 
shows the water shortage situation is diverse over the world and many of the 
populated areas fall under very high water stress category. 
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Figure 2.3: Water scarcity using Water Resources Vulnerability Index 
(Source: Alcamo et al., 2000). 
2.4.3 Physical and Economic Scarcity Index 
The Physical and Economic Scarcity Index (PESI) is defined as the potential to 
sustain the water demand based on the infrastructure growth, improved water 
management policies and economy. The International Water Management 
Institute (IWMI) is a non-profit scientific research organization specializing in 
water use in agriculture and integrated management of water and land 
resources. The International Water Management Institute (IWMI) put forth the 
PESI, and suggests that countries which are not able to meet the estimated 
water demand even after development of infrastructure and enhanced water 
management policies are called Physically Water Scarce (IWMI, 2006b). 
Countries that have to make significant financial investment to exploit available 
water resources in order to meet their water demand are called Economically 
Water Scarce. The IWMI model is a cumulative one and only investigates water 
demand at a macro level or national level (Rijsberman, 2005).  
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Figure 2.4: Water scarcity using Physical and Economic Scarcity Index 
(Source: IWMI, 2006a). 
2.4.4 Water Poverty Index 
The Water Poverty Index (WPI) can be defined as integrated approach 
combining the physical water availability, consumption pattern served by that 
water and ecological sustenance (Sullivan et al., 2003). The WPI uses a five 
dimension complex approach to quantify water scarcity over time. This WPI 
model is not widely used because of its complexity. Figure 2.5 shows the Water 
scarcity using Water Poverty Index. From this we can clearly understand that 
almost all of the countries worldwide have water shortages except for Canada 
and a few Scandinavian Countries.  
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Figure 2.5: Water scarcity using Water Poverty Index (Source: Sullivan et al., 
2000). 
2.5 Water Availability and Economic or Social Development 
The water issue is global problem as the earth’s water resources are all 
interlinked and can be connected through evaporation and precipitation in the 
water cycle throughout the continents. Although the water problem is global we 
should not forget that the problem has to be tackled initially at a local level or 
nationally. Depending on the economic wealth, literacy level and political 
stability we can classify nations into the following types. 
2.5.1 Underdeveloped Countries   
Underdeveloped Countries are the poor countries with little or no economic 
growth and high poverty. Many of these countries have scarce water recourses 
and inadequate infrastructure for safe water supply. Often women have the job 
of collecting water and on an average walk six kilometres each day carrying 
water equivalent to twenty kilograms (World Summit on Sustainable 
Development, 2002). The governments do not have the funds to provide for 
safe water supply and sanitation; and the people lack the capacity to pay for 
water. Here cultivation is the major water consumer and it is an important part 
of the economy and the social sector. Water is a very basic and important 
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commodity and is usually viewed as a right which should be free. Development 
is given priority over the environment. These countries are associated with 
many civil and political issues and with inadequate financial ability; water crisis 
is the last priority. The UN estimates that 3 billion people in underdeveloped 
countries will be suffering from water scarcity by 2025 (Lee, 2001). 
2.5.2 Developing Countries 
In Developing Countries, agriculture is still a significant part of the economy 
and social lifestyle. There is big boom in industrialisation coupled with 
urbanisation causing an increased depletion and degradation of water 
resources. There is development in many fields of engineering and technology. 
In Developing Countries, around 90 to 95 percent of sewage and 70 percent of 
industrial discharge are emptied into water sources thereby polluting the 
useable water supply (World Summit on Sustainable Development, 2002). 
Water resource management is widely accepted but lacks implementation due 
to financial and technology constraints. The World Bank estimates about half of 
the existing water demands cannot be met due to leakage, illegal connections 
and vandalism and about $600 billion needs to be invested worldwide to repair 
and improve existing water delivery systems (WWAP, 2003). 
2.5.3 Developed Countries 
Developed Countries are the economically wealthy countries with high 
economic growth and development. From table 2.1 it can be seen that develop 
countries consume water at enormous levels leading to the depletion and 
degradation of water resources. Water use is maximum in Australia and 
minimum in Bangladesh. In developed countries there is an appreciation of the 
water resources and the people are more informed about the various issues 
involved. They have the ability to afford expensive water treatment methods 
and water is treated as an economic good or it comes at a price (Lee, 2001). 
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Country 
Domestic water 
consumption 
(Gm3/yr) 
Domestic water 
footprint 
(m3/cap/yr) 
Australia 6.51 341 
Bangladesh 2.12 16 
Brazil 11.76 70 
Canada 8.55 279 
China 33.32 26 
Egypt 4.16 66 
France 6.16 105 
Germany 5.45 66 
India 38.62 38 
Indonesia 5.67 28 
Italy 7.97 138 
Japan 17.2 136 
Jordan 0.21 44 
Mexico 13.55 139 
Netherlands 0.44 28 
Pakistan 2.88 21 
Russia 14.34 98 
South Africa 2.43 57 
Thailand 1.83 30 
United Kingdom 2.21 38 
USA 60.8 217 
Global total/avg. 344 57 
Table 2.1: Average Annual water consumption and per capita water use by 
country (Source: Hoekstra and Chapagain, 2007). 
The UN report on global water resources states that currently there is an 
increase in water related issues and this will aggravate in the years ahead. 
Third world countries which lack the essential financial wealth for sustainable 
development and management of water resources are the worst affected. Only 
0.5 percent of the entire fresh water is available for human use and 50 percent 
of all drinking water is stored in aquifers (WBCSD, 2005). Due to the spatial 
and temporal variations in water availability water resources are becoming 
scarce for agricultural and industrial requirements. This together with increase 
in per capita usage of water due to lifestyle changes and population increase 
makes the water crisis inevitable. Shiklomanov and Rodda (2003) state that 
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water withdrawals for irrigation represent 66 percent to 90 percent in arid 
regions. Industrial water use is also increasing with high income countries using 
up to 59 percent of their total water supplies while low and middle income 
countries use only 10 percent (World Bank, 2001). The remaining water about 
8 percent is used by domestic households and around 4 percent is evaporated 
from reservoirs.   
 
Figure 2.6: Water use by income group of countries (Source: WWAP, 2003). 
By the year 2025 Canadians will have about 40 times their annual requirement, 
Americans [or alternatively ‘The USA’] 4 times, China’s water resources will be 
just sufficient, Lebanon’s just half, Jordan’s one twentieth and Kuwait’s only a 
40th of their requirement (Lee, 2001). There is over twenty countries dependant 
upon water that is flowing from other nations, and more than 300 of the world’s 
river basins are shared by two countries (Allison, 2003).The resolution for water 
sustainability lies in local efforts to work jointly with equity. Many countries, 
including Argentina, Niger and Uzbekistan, supplement local water resources 
from inflows of neighbouring countries. Many great rivers like the Yellow River 
in China and the Nile in Egypt are running dry during the dry season due to 
over extraction upstream. The issue of equitable sharing of water resources 
requires solutions involving both the global and national communities. 
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2.6 Australian Water resources 
Australia is an island continent with an area of 7,615,000 km2 and is located in 
the southern hemisphere between 10o S and ~45o S and between 113o E and 
153o E. Australia is a dry continent and water is a scant resource. The water 
sources available to any Australian community usually consist of surface water 
from rainfall and the resulting runoff into streams and rivers; and groundwater 
from artesian basins. Australia has the least rainfall of all continents excluding 
Antarctica. This scant rainfall is the main limiting factor for water resources in 
Australia. Figure 2.6 shows where Australia stands in terms of annual rainfall 
and river discharge. 
 
Figure 2.7: Annual rainfall and river discharge globally (Source: 
Melbourne Water, 2006d).  
Only narrow strips of land around the southern, eastern and northern coasts 
are green and the remaining areas: the largest portion of the continent are dry. 
This is because the rainfall pattern is seasonal and is generally limited to the 
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narrow fringe along the coast, while the central areas with unpredictable rainfall 
patterns are arid or semi-arid. In Australia only 12 per cent of the annual rainfall 
runoff recharges the ground water, the remaining runoff is returned to the 
atmosphere directly by evaporation or by vegetation through the process of 
transpiration (Cooperative Research Centre, 2002). The estimated average 
annual rainfall is 455 millilitres. Table 2.1 shows the average rainfall in major 
Australian cities. 
Australia Average Annual Rainfall Data 
City Average Annual Rainfall (mm) 
Alice Springs 270 
Adelaide 500 
Hobart 520 
Canberra 630 
Melbourne 660 
Perth 790 
Brisbane 1180 
Sydney 1220 
Darwin 1690 
Table 2.2: Average Annual Rainfall of Australia (Source: CRC 2002). 
Australia being, a dry country has a sparse network of rivers and lakes. 
According to the Australian Bureau of Statistics (ABS, 1996), there are 12 
drainage divisions with 245 river basins in the Australian continent and most of 
them are relatively short and coastal or seasonal. In Australia the runoff is only 
5-10mm/year which is very small. The largest runoff of about 1500mm/year 
occurs in basins along the Great Diving Range, Liverpool Ridge, the Blue 
Mountains and the Snowy Mountains. The Burdekin, Fitzroy, Herbert, Clarence 
and Snowy are short rapid rivers which are mostly rain fed and flow to the 
Pacific Ocean. The Burdekin and Fitzroy are rivers with large mean annual flow 
of 300m3/s and 182m3/s respectively (Shiklomanov and Rodda, 2003). These 
rivers have the highest flows and originate in the mountains of Queensland.  
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The Murray –Darling is the largest river system in Australia. The Murray –
Darling has an average flow of 24km3/year but the discharge at the mouth is 
only 10km3/year because its water is intensively used for irrigation 
(Shiklomanov and Rodda, 2003). More than 80 percent of Australia’s irrigation 
is located in the Murray –Darling Basin (Crabb, 1988). About 50% of rainfall 
runoff in Australia does not reach the oceans (Shiklomanov and Rodda, 
2003).This is due to dry weather circumstances causing evaporation and 
transpiration. These conditions along with extensive water usage for agriculture 
make water availability very low thus the runoff reaching the oceans is limited. 
Major Natural Water Resources of Australia 
Name Drainage Area, km2 x 103 
Murray 1072 
Fitzroy 143 
Diamantina 115 
Flinders 108 
Gascoyne 79 
Victoria 77.5 
Burnett 33.4 
Hunter 22 
Warren 9.6 
River 
Derwent 4.3 
Name Area, km2 
Eyre a to 15,000 
Amadeus a 8,000 
Torrens a 5,800 
Gairdner a 4,780 
Lake 
 
a Salt Lake.  
George 145 
Name Area, thousand km2 
Great Artesian Basin 1751 
Desert 388 
Murray 282 
Eucla 191 
North Western 77.5 
Perth – Coastal area 54 
Aquifers 
Ord - Victoria 31 
Table 2.3: Major Natural Water Resources of Australia (Source: Shiklomanov 
and Rodda, 2003). 
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Figure 2.8: Surface water management boundaries (Source: National Water 
Commission, 2005b). 
Table 2.2 and figure 2.8 represent the details of the various natural water 
resources of Australia. In Australia most of the lakes are shallow salty lakes. 
Lake Eyre and Amadeus are the largest with no exit to the sea and dry out 
during the hot seasons. Australia has a huge ground water resource from the 
aquifers that cover about one-third of the Australian continent. The Great 
Artesian Basin is the world’s largest ground water reserve and constitutes 
nearly 22% (Pigram, 1986) of the total ground water, extending south from the 
Gulf of Carpentaria across the continent. The Murray Artesian Basin follows the 
topography of the Murray River and is recharged by the same. There are five 
major artesian basins of importance in Western Australia.  Ground water is the 
only reliable and permanent water supply for the settlements of the Nullarbor 
Plain and much of the arid Australian outback (Shiklomanov and Rodda, 2003). 
Rivers supply approximately 70 percent of the water used in Australia followed 
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by artesian basins which supply 21 percent with the remaining 9% by rain water 
harvesting. Surface water usage is the most common in all States and 
Territories except Western Australia and the Northern Territory. In Australia 
only a mere 4% of total water consumed is recycled (Dolnicar & Saunders, 
2006). 
2.7 Australian Water Consumption Patterns 
With the Increasing population, urbanization and irrigation water demand in 
Australia is ever rising. Water consumption in Australia varies annually due to 
different factors, including weather conditions. It is understood that more water 
is consumed in dry years when rainfall is scant. In the year 2000 to 2001 a total 
of 24,909 GL of fresh water was consumed in the Australian economy 
(Australian Bureau of Statistics, 2000). Australian water usage has increased 
by 65 percent from 1983 to 1997. This was mainly due to the increases in 
agriculturally related practices. The water consumption in urban Australia is 
estimated to reach 7.7 million ML by 2091 unless new water conservation 
methods are adopted (Anderson, 1996). 
But interestingly city and urban areas have showed a low increase or a net 
decrease in water usage over the same time frame (Australian Academy of 
Technological Sciences and Engineering, 1999). This decline in urban water 
consumption was mainly due to an increase in awareness of the need to save 
water by reducing wastage, changes in water pricing policy, efficient gardening 
methods and water efficient toilets. Industrial water usage is also falling as 
industries become more water proficient and follow water recycling and reuse 
methods (AATSE, 1999).  
In the year 1996 to 1997 the Australian Bureau of Statistics published detailed 
data on an estimated 22 million megalitres of water consumed in Australia 
(ABS, 2000). The report clearly showed how water was used Australia wide  
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? 70 percent for agriculture and related  practices 
? 8 percent  for consumption by households  
? 8 percent for water services including transmission losses and releases 
for environmental flows.  
? 6 percent  for the energy sector such as the electricity and gas 
generation industry (excluding hydro-electricity)  
? 3 percent for the manufacturing industry 
? 3 percent for the mining industry  
? 2 percent for other uses (Australian Bureau of Statistics, 2000)  
In 1996 to 1997 each person in a typical Australian household used around 274 
litres of water a day. Half of this water was used for gardening and nearly a 
quarter for flushing toilets. People living in Asia, Africa and Latin America use 
about 50 to 100 litres of water a day while people in the United States use 
around 400 to 500 litres of day (National Land and Water Resources Audit, 
2000). During a single shower an average Australian uses twice the amount of 
water that two thirds of all the people on earth would use for bathing 
(Melbourne Water, 2006e). Because water is vital for Australia’s natural and 
economic prosperity it has attracted about AUD90 billion in infrastructure 
investment. Water mains are the most common source of domestic water 
supply in Australia with every nine in ten households receiving their domestic 
water supply from this source in 2001. Interestingly about 26 percent of 
Australia’s river systems are close to or exceeding sustainable withdrawal 
limits, and two-thirds of the water extracted is from these stressed systems 
(Healey, 2003). Manufacturing businesses, hospitals, parks and golf courses, 
universities and hotels constitute the top 1000 water users of Melbourne (Water 
Smart, 2006). 
Water use has increased more than 65% between 1983 and 1997. This 
increase is predominantly due to growth in the agricultural sector along with 
forestry and fishing. But Australian households still used 1.8 million megalitres 
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of water in 1996 to 1997, making households the second largest user of water 
after the agricultural sector. Based on the Australian Bureau of Statistics report 
for the total water utilised in Australia, New South Wales consumed most of the 
water with 42 percent, followed by Victoria with 24 percent, and Queensland 
with 19 percent usage. The remaining 15 percent of water was consumed by 
the other states and territories (CRC, 2002). 
2.7.1 Comparison studies among the different states 
Water consumption patterns change between different states and territories 
due to the different agricultural practices, population, urbanisation etc. The 
Australian Water Resources Assessment 2000 assessed the quantity of 
surface water and groundwater resources utilised in all the states. Chart 2.1 
shows how water is consumed in the different states against total population. 
From the graph New South Wales and Queensland have a higher percentage 
increase in water use than population. This means that the population in these 
states have higher per capita water consumption levels than the rest of 
Australia. 
 
Chart 2.1: Percentages of Australia’s total mean annual water use by State 
(1996/97) (Source: National Land and Water Resources Audit, 2000). 
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The assessment found that New South Wales followed by Queensland had the 
greatest increase in water consumption per litre when compared to previous 
years. Both these states account for 25 percent of the total annual water use. 
But Tasmania had the highest percentage increase of 171 percent followed by 
Western Australia which had a 115 percent increase in the total water used. 
This can be seen in Table 2.3. Population increased at a higher rate than water 
use for all states except for Queensland, Western Australia, Northern Territory 
and Tasmania. The difference between the increase in water use and 
population was the lowest for Victoria. 
 
State 
Water use 
1983/84  
(GL) 
Population
1983/84 
Water use 
1996/97  
(GL) 
Population
1996/97 
Increase in 
water use 
(%) 
Increase in 
population
(%) 
NSW 6,250 5,431,752 10,008 6,306,944 60 86 
VIC 3,920 4,097,640 5,788 4,615,526 48 89 
QLD 2,330 2,547,078 4,591 3,421,631 97 75 
WA 834 1,403,032 1,796 1,807,371 115 77 
SA 1,040 1,365,333 1,165 1,484,996 12 92 
TAS 174 440,070 471 472,842 171 93 
NT 94 145,293 179 188,319 90 77 
ACT NA 247,084 73 308,732 - 80 
Total 14,642 15,677,282 24,071 18,609,115 59 84 
Table 2.4: Total annual Change in water use (GL) and population between 
1983-84 and 1996-97 by State (Source: National Land and Water Resources 
Audit, 2000 and ABS cat. no. 3105.0.65.001, 2006).  
The Water Account of Australia (Australian Bureau of Statistics, 2004) for the 
period 2000 to 2001 shows how much water was consumed by each state 
during this period. This audit shows water consumption based on different 
categories for each state and territory. The water usage data for New South 
Wales and the Australian Capital Territory were merged in this publication to 
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protect the privacy of water providers and users in the Australian Capital 
Territory.  
 
Chart 2.2: Water consumption for New South Wales and the Australian Capital 
Territory (2000/01) (Source: ABS, 2004). 
The combined water consumption for New South Wales and the Australian 
Capital Territory during the period 2000 to 2001 was 9,425 GL. Agriculture was 
the highest consumer with 7,322 GL or 78 percent of water consumption. This 
was followed by households which consumed 679 GL or 7 percent of water. 
 
 
Chart 2.3: Water consumption for Victoria (2000/01) (Source: ABS, 2004). 
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In Victoria 7,140 GL of water was consumed during the period 2000 to 2001. 
The agricultural sector was the highest consumer of water in Victoria and is 
responsible for the usage of 3,725 GL or 52 percent of the state's water. The 
energy sector was the next top consumer accounting for 1,536 GL or 22 
percent. The consumption of water by households was around 9 percent of the 
state's water. 
 
Chart 2.4: Water consumption for Queensland (2000/01)(Source: ABS, 2004). 
 
In Queensland 4,711 GL of water was consumed during the period 2000 to 
2001. The agricultural sector again consumed the most water with 3,454 GL or 
73 percent of the state's water. The sugar and cotton industries were the main 
water consumers within the agriculture sector, using up to 1,186 GL and 985 
GL respectively. This was followed by households who consumed 501 GL or 11 
percent of the state's water.  
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Chart 2.5: Water consumption for South Australia (2000/01) (Source: ABS, 
2004). 
In South Australia 1,647 GL of water was consumed during the period 2000 to 
2001. Once again the agricultural sector was the largest consumer of water 
accounting for 1,302 GL or 79 percent of the state's water. In the agriculture 
sector livestock, pasture and miscellaneous agricultural practices consumed 36 
percent followed by diary farming and grape plantations which used 25 percent 
and 22 percent of the water respectively.  The Households were also large 
consumers of water with 181 GL or 11 percent of the state's water.  
 
 
Graph 2.6: Water consumption for WA (2000/01) (Source: ABS, 2004). 
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In Western Australia 1,409 GL of water was consumed during the period 2000 
to 2001. The agricultural sector consumed the largest volume of 565 GL or 40 
percent followed by households which used 245 GL or 17 percent. Significant 
mining activity in Western Australia has caused a substantial amount of water 
to be used, about 195 GL or 14 percent of the state's water.  
 
 
Chart 2.7: Water consumption for Tasmania (2000/01) (Source: ABS - Water 
Account Australia, 2000 - 01). 
 
In Tasmania 417 GL of water was consumed during the period 2000 to 2001. 
The agricultural sector was the largest consumer accounting for 222 GL or 53 
percent of water used in the state. The manufacturing sector was also a major 
user of water consuming 79 GL or 19 percent of the state's water. In the 
manufacturing sector, the wood and paper products industry consumed 87 
percent of manufacturing water usage.  
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Chart 2.8: Water consumption for Northern Territory (2000/01) (Source: ABS, 
2004). 
In Northern Territory 160 GL of water was consumed during the period 2000 to 
2001. Here as expected the agricultural sector accounted for 70 GL or 44 
percent of water used in the state. The next highest consumer of water were 
households using 45 GL or 28% percent.  
From the above information it can be seen that the Northern Territory had the 
highest household water use per capita in Australia during the period 2000 to 
2001. And the percentage of water usage by agriculture in South Australia was 
the largest of all the states and territories. 
2.8 Summary 
Through this chapter the global water resources and the present water crisis 
were understood. The water scarcity and how it is interpreted was studied. 
Australian water resources and the current water consumption patterns of 
Australia and the different territories were discussed. In the next chapter, the 
various global and local government interventions over time are studied. The 
water policies implemented and campaigns or actions taken to solve the water 
crisis are also discussed. 
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CHAPTER 3 
GOVERNMENT INTERVENTIONS 
 
3.1 Introduction 
Chapter 2 discussed global water consumption patterns, the current water 
crisis and its repercussions. Australian water resources and water usage 
patterns were also discussed in detail. In this chapter the various global and 
Australian Government organisations and institutions that are responsible for 
investigating the use of water will be identified and the various water policies 
they enforce are examined. The different government interventions over time 
are discussed. The various water conservation strategies are discussed in 
detail with help of suitable examples. Also in this chapter information regarding 
the different Australian water policies, legislation and water agencies are 
discussed. The successful implementation of water conservation projects state-
wise is examined. Finally the Victorian and Melbourne water system and 
policies are explained and the characteristics of the different water authorities 
are discussed. 
3.2 Historical Overview of Global Interventions 
Awareness of the importance of water grew in the latter stage of the twentieth 
century with the Mar del Plata conference of 1977 (WWAP, 2003). This was the 
first and only intergovernmental conference devoted exclusively to water and it 
was a milestone in the history of water development. It was followed by the 
International Drinking Water and Sanitation Decade (1981-1990) which brought 
about basic water services to the poor (WWAP, 2003). In 1992 the International 
Conference on Water and the Environment set out four major water related 
principles, namely: 
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1. Freshwater is a finite and vulnerable resource, essential to sustain life, 
development and the environment. 
2. Water development and management should be based on a 
participatory approach, involving users, planners and policymakers at all 
levels. 
3. Women play a central part in the provision, management and 
safeguarding of water. 
4. Water has an economic value in all its competing uses and should be 
recognized as an economic good. (WWAP, 2003) 
In the same year the UN Conference on the Environment and Development 
(UNCED) presented Agenda 21, which proposed better water management 
practices. Both these conferences were influential and placed water resources 
at the centre of the sustainable development debate. 
In 1997 the first World Water Forum (WWF) was held in Morocco (WWC 2005). 
During the conference dignitaries and scientists discussed perspectives on 
world water, the need for a long term vision on world water and the various 
challenges of the 21st century. This culminated in the celebration of World 
Water Day (March 22nd). The second World Water Forum (WWF) was held in 
the year 2000 at The Hague (WWC, 2005b). This was a Major event with about 
5,700 participants worldwide. The second World Water Forum (WWF) 
generated a lot of debate on the Water Vision for the future and what needed to 
be achieved. The main policies to be adopted dealt with the state and 
ownership of water resources, their development potential, management and 
financing models, and their impact on poverty, social, cultural and economic 
development and the environment (WWC, 2005b). The Ministerial Declaration 
of The Hague identified the key challenges for a safe and secure water future, 
namely:  
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1. “Meeting basic water needs – by providing secure and ample water and 
proper sanitation. 
2. Securing food supply – particularly for the people living in poverty 
through the more effective use of water. 
3. Protecting ecosystems – protecting the integrity of water resources 
through sustainable water resource management. 
4. Sharing water resources – promoting peaceful cooperation between 
different states, diligent usage of water between concerned states, 
through practices such as sustainable river basin management. 
5. Managing risks – to provide mitigation methods from a range of water 
related hazards such as floods. 
6. Valuing water – to manage water based on economic, social, 
environmental, cultural values and to shift in the direction of pricing 
water to recuperate the costs of service provision, taking account of 
equity and the needs of the poor and deprived people. 
7. Governing water wisely – involving the community and the interests of all 
stakeholders. 
8. Water and industry – promoting cleaner and efficient industry with 
respect to water quality and usage. 
9. Water and energy – to assess the key role of water in energy production 
to meet growing energy demands. 
10. Ensuring the water knowledge base – make sure that water knowledge 
becomes more universally available.  
11. Water and cities – understanding the unique challenges of an 
increasingly urbanized world.” (World Water Council, 2005a) 
In the same year a major event, “the UN Summit” took place which set the 
Millennium Development Goals for 2015. The UN recognised that the goals on 
poverty, education and health cannot be accomplished without adequate and 
equitable access to basic water requirements. Among the goals set forth the 
most were related to water as 50 percent of the world’s population is without 
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access to safe drinking water (WWAP, 2003). The need for better water 
management practices led to the International Conference on Freshwater in 
Bonn in 2001 and the World Summit on Sustainable Development (WSSD) in 
Johannesburg in 2002.  
During the World Summit on Sustainable Development (WSSD) The Centre for 
Economic and Social Rights (CESR), which is one of the first organizations to 
challenge economic injustice as a violation of international human rights law, 
recognised water as a human right and declared this officially. “The human 
right to water entitles everyone to sufficient, safe, acceptable, physically 
accessible and affordable water for personal and domestic uses. An adequate 
amount of safe water is necessary to prevent death from dehydration, reduce 
the risk of water-related disease and provide for consumption, cooking, 
personal and domestic hygienic requirements”. (General Comment 15, 
CESCR, 2002). During the 2002 summit the participating organisations pledged 
to halve by the year 2015 the proportion of people who do not have access to 
basic water facilities to lead proper life. It also called upon the international 
community to put into place better water conservation strategies by developing 
and adopting integrated water resource management and water efficiency 
plans by 2005. 
The third World Water Forum (WWF) was held at Japan in 2003 (WWC, 
2005a). The third forum hosted around 24,000 participants and held 
discussions on many key water concerns (WWC, 2005b). During this 
conference the water debate was taken a step further and new commitments 
were set. The ministerial declaration set forth the need for safe-clean water for 
all people, good governance in water management and financial cooperation, 
education and access to information for all. These changes should create 
efficient water usage, integrated resource management and prevention of water 
pollution. Around 100 commitments based on key water issues were made 
during the forum (WWC, 2005b). 
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The fourth World Water Forum (WWF) was held at Mexico City in 2006. This 
was a huge conference with participants from 140 countries world wide. There 
where close to 20,000 people from all over the globe and they took part in 206 
working sessions and a total of 1600 local actions were presented (WWC, 
2005b). During the course of the forum there was much debate centred on 
water related issues. Special steps or initiatives by different organisations 
where taken during this conference. The new United Nations Water Actions 
and Network database was presented, and the second edition of the UN World 
Water Development Report (WWDR) was launched. The World Water council 
declared the launch of a new programme called “Water for Schools” with the 
aim to provide access to water for one thousand schools in ten countries and 
also to go ahead and create training schools for high-level technicians. The 
Asia-Pacific Water Forum was established by the ministers from the Asia-
Pacific region. The World Water council and its partners launched two major 
reports: The Task Force on Financing Water for All, Enhancing access to 
finance for local governments and financing water for agriculture and; The 
Right to Water: from concept to implementation. (World Water Councilb, 2005) 
One of the notable outcomes of the forum was the launch of the SWITCH 
project. The Sustainable Water Management Improves Tomorrow’s Cities’ 
Health (SWITCH) project proposes a global shift in urban water practices in the 
future (UNESCO-IHE, 2006). The project is led by UNESCO-IHE, Institute for 
Water Education in a partnership between the European Union and thirty two 
countries worldwide. SWITCH is intended to promote efficient water usage and 
integrated water management practices by developing scientific, technological 
and socio-economic solutions. These advances will help to address the 
concerns of population growth, urbanization and climate-change and its effect 
on global water (UNESCO-IHE, 2006). The project will cover every part of the 
urban water cycle, from water consumption, to storm water management, water 
saving practices, water treatment and reuse, proper governance and asset 
management, to river rehabilitation and eco-hydrology. The execution of the 
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SWITCH project is expected to shape the city of the future by 2050 and create 
a sustainable water environment (UNESCO-IHE, 2006). 
It is of some interest to know that every year the United Nations has dedicated 
a special theme related to water.  Starting from 1994 till 2006 every year is 
dedicated to a particular activity to promote the importance of water. The 
following are the different themes related to the respective years (UNESCO, 
2006). 
? 1994: Caring for our water resources is everyone's business 
? 1995: Women and Water 
? 1996: Water for Thirsty Cities 
? 1997: The World's Water: Is There Enough? 
? 1998: Groundwater - the Invisible Resource 
? 1999: Everyone Lives Downstream 
? 2000: Water for the Twenty-first Century 
? 2001: Water for Health 
? 2002: Water for Development 
? 2003: Water for Future 
? 2004: Water and Disasters 
? 2005: Water for Life 
? 2006: Water and Culture 
A different United Nations agency is selected each year to celebrate and 
support a different theme on World Water Day. The theme is chosen to reflect 
the many facets of freshwater resources (UNESCO, 2006). The United Nations 
aims to promote awareness of water as an interdependent resource and how it 
influences all aspects of life. To address the current water issue and related 
problems, many government and non governmental agencies have been 
created (UNESCO, 2006). These agencies are involved in various water 
related research and development projects and work towards achieving 
sustainable use of water resources. There are many water related 
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organisations, institutions, water authorities and governmental bodies 
worldwide which work towards a better water future. Some of the most affluent 
and major organisations are discussed below - 
? World Water Assessment Programme (WWAP)  
? World Water Council (WWC)  
? AQUASTAT  
? Global Water Partnership (GWP)  
? Joint Monitoring Programme for Water and Sanitation (JMP) 
? WaterAid  
? Water and Sanitation Programme (WSP) 
? International Water Management Institute (IWMI) 
? World Economic Forum Water Initiative  
3.3 Strategies implemented to combat the water demand 
The different conferences, forums, events and initiatives have improved our 
awareness of the water crisis and have sharpened our understanding of the 
measures needed to be taken to curb the present water crisis. The different 
water conservation practices and integrated water resource management 
techniques are the basic strategies implemented to reduce water consumption 
and sustain water resources. “Water conservation is defined as a special form 
of water management, where water must be used as efficiently as possible and 
water losses must be minimised” (Bouwer, 1988). “Integrated Water Resource 
Management may be defined as: a process which promotes the co-ordinated 
development and management of water, land and related resources in order to 
maximise the resultant economic and social welfare in an equitable manner 
without compromising the sustainability of vital ecosystems” (Global Water 
Partnership, 2004). 
One of the best approaches to the conservation of water is the 12-point plan of 
the Greater Hermanus water conservation programme in South Africa. It helped 
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to reduce per capita peak demand for water by 32 percent, improve water sales 
revenue by 20 percent and gain 96 percent resident support (Turton, 1999). 
The Hermanus model is becoming popular and a standard urban water 
management practice in South Africa and around the world (Turton, 1999). The 
12 basic points of the Hermanus model are – 
1. Assurance of Supply Tariff: This charge was designed to send the 
message that users had to pay a price for the privilege of having a supply of 
water on tap. Because of great disparity of income levels among consumers 
a three-tiered tariff rate was calculated. Higher Income earners paid a 
higher tariff.  
2. Block-Rate Tariff: Basic water requirements are subsidised and affordable. 
An eleven-point rising block-rate tariff was developed. This was based on 
the basic rule whereby the more water you consume, the more you pay per 
unit. In other words people who use more water are charged at the marginal 
rate. 
3. Informative Billing: The monthly bill statement shows the users their level 
of consumption over the past year. It also shows the user a comparison of 
the individual consumption pattern with the average for their area each 
month. 
4. Communication: Improved communication between the water authority 
and the user.  By using tools like newspaper articles, newsletters, press 
releases, consumer meetings, water conservation tips and a hotline facility.  
5. School Water Audits: At schools children are involved in water 
conservation activities, they monitor the school water meter over time and 
examine or study ways in which the overall water consumption can be 
reduced. The children are encouraged to apply the water conservation tips 
in their home environments. 
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6. Hermanus Working for Water Project: High water consuming alien 
vegetation is cleared. Unemployed persons were given jobs to clear the 
land from these invader trees such as wattles, gums and pines. 
7. Water Loss Management:  Reduction of non metered or illegal 
connections, replacing improper or inaccurate meters and fixing leaks in the 
water distribution system. 
8. Retrofit Programme: Encouraging and installing water efficient appliances 
in households. Assisting users to check and repair water leaks in house and 
to perform water-audits. 
9. Water-Wise Gardening: Promoting water wise plants, better gardening 
technics,  setting up demonstration gardens and encouraging related 
business to adopt water-wise gardening practices. 
10. Water-Wise Food Production: Ensuring sustainable cultivation methods 
and encouraging water reuse. 
11. Security Meter: Innovative pre-payment online meter and the consumer 
have greater information regarding their usage. 
12. National Water Regulations: Enforcing efficient water use guidelines 
among users. (Turton, 1999) 
Water usage can be reduced by adopting sustainable water management 
practices. The major users of water can be classified into three groups namely 
Agricultural, Industrial and Domestic. Each of these sectors uses different types 
of water management techniques. The main water conservation practices 
adopted in the agricultural sector are reducing evaporation, improving the 
efficiency of irrigation techniques, crop rotation, ground water recharging, cloud 
seeding and integrated catchment management. The Industrial sector mainly 
conserves water by adopting efficient manufacturing processes, modifying 
production patterns, improving housekeeping, segregating sewage from 
process waste water, water reuse or recycling and improving wastewater 
treatment. In the domestic or urban sector water is conserved by adopting 
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public participation programmes, using water saving appliances and water 
efficient fixtures, rainwater harvesting, water pricing and water reuse. Some of 
the main basic approaches taken to reduce per capita water consumption are 
discussed next. 
3.3.1 Public awareness 
The ‘awareness’ factor plays a very important part in the way people can 
change their everyday behaviour. Awareness and acceptance is closely linked 
(Burkhard, 2000). Various programmes have improved people’s awareness 
and participation in water conservation. Batchelor (1999) mentioned in his 
report that there were seven types of public participation, which now form the 
basis of any community activity. The different types of participation show how 
people can interact for the benefit of any cause. The various participation 
methods can be seen in table 3.1. 
No: Participation Type  Characteristics 
1 Passive 
participation 
People are made aware of or told what to do by 
announcements from authorities. Here people 
views are not considered. 
2 Participation in 
information giving 
People participate by doing surveys and the 
management makes the decisions.  
3 Participation by 
consulting 
People participate by being consulted but have 
no role in the decision making process. 
4 Participation by 
material incentives 
Incentives are given to people and they 
participate in various programmes. 
5 Functional 
participation 
People form groups and participate to meet their 
objectives. 
6 Interactive 
participation 
People participate in groups and form action 
plans. These groups have influence over the 
decision making process. 
7 Self-mobilisation People participate by taking independent 
initiatives and forming unions. They have control 
over the decision making process. 
Table 3.1: Various Public Participation Methods (Source: Pretty, 1994). 
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3.3.1.1 Examples of public campaigns  
Some innovative water education campaigns were introduced into the USA. 
Campaigns like putting messages on T shirts and using songs with a blended 
of Hip-Hop and Jazz are inspiring the younger generations and becoming 
popular (Soil and Water Conservation Society, 2005). Thompson (1991) 
observed that people tend to save water when introduced to educational 
programmes on the long-term consequences of water use and understood that 
personal action to conserve water would be more effective in reducing water 
consumption. A program to educate urban farmers about the protection of the 
environment and conservation of water resources received an overwhelming 
response and the participants said that 75 percent of Americans where happy 
to clean up the environment if they were educated on how to do so (Cobourn, 
1996). Water campaigns at a local level should target municipal operations, the 
urban community and the local watershed (ICLEI, 2000). The Jordan Water 
Conservation Education Project funded by USAID implemented a curriculum in 
schools recommending water conservation at the household level. This 
indicated that students who were exposed to the new curriculum showed a 
higher level of awareness about water conservation and performed 
recommended acts more often than students who did not have water 
conservation in their curriculum (Middlestadt, 2001). For water policies to be 
successful respective authorities should make sure that local and regional 
communities have a voice in the decision-making processes (Radcliffe, 2006). 
3.3.2 Increasing water Storage 
Increasing water storage is an important part of water conservation. Water 
storage can be improved by building dams, retaining flood waters, ground 
water recharging and rainwater harvesting. Building Dams or similar 
infrastructure tend to cause ecosystem and environmental harm and is not 
considered to be the best approach. The best strategy to save water is to use a 
combination of storage methods like increasing storage in aquifers, in tanks, 
use of traditional water management practices, and the use of small and large 
dams.  
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In the urban scenario rainwater harvesting is one of the best options to 
conserve water by storage. Rainwater harvesting is much cheaper and an 
attractive substitute to large scale constructions which also have environmental 
costs. Rainwater harvesting has enough potential to meet many household 
water demands. The saved rainwater can be used for watering the lawns, 
washing cars and pavements, swimming pools etc. In some third world 
countries rainwater harvesting practices are used for meeting drinking water 
requirements, irrigation needs and for recharging depleted groundwater 
aquifers. It is understood that rainwater harvesting can save around one million 
litres of water per year per hectare in an arid environment with just 100 
millimetres annual rainfall (WWC, 2000). 
 
3.3.2.1 Examples of rainwater harvesting  
In the 1970’s two poor villages Ralegan and Siddi in Maharashtra, India 
adopted rainwater harvesting. This helped the environmentally degraded and 
economically poor villages to recharge groundwater and to increase surface 
storage. With the availability of more water resources these villages improved 
their agricultural output and have now become food exporters. This encouraged 
neighbouring villages to adopt similar rainwater harvesting practices. In 1998, 
70 villages in the Alwar district of Rajasthan, India built 238 rainwater 
harvesting structures in one watershed. This enabled the 45 kilometre Arvari 
River to flow year round, which previously only flowed during the monsoon for a 
few months. Impressed by this exceptional accomplishment the Madhya 
Pradesh government replicated the efforts in 7,827 villages. The programme 
covered 3.4 million hectares of land and improved the water situation of the 
entire region (WWC, 2000). Rainwater harvesting is not just helpful for villages 
but also good for the urban setting. In Sumida ward of Tokyo, Japan rainwater 
harvesting practices are used to reduce floods, in Chennai, India; nearly every 
household collects rainwater from roof-tops for domestic purposes and for 
recharging groundwater aquifers. Built in 1993, to facilitate rainwater harvesting 
the latest terminal of Frankfurt Airport captures 16,000 cubic metres of rainfall 
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from the huge roof-covers. The water saved is used for cleaning purposes, 
gardening activities and flushing toilets (WWC, 2000). 
3.3.3 Pricing Water Resources 
Providing water at low or no cost does not provide the right encouragement to 
users. In reality, water is a renewable resource and is freely accessible to those 
on whose land it falls (Hunt, 2004). But in many cases it has be pumped, 
purified, transported, treated after use, and returned to water sources. This 
operation of water supply and waste water treatment has substantial costs in 
infrastructure and services. Water is treated as an economic good because of 
its scarcity, high demand and cost to run and maintain related infrastructure. 
Pricing water resources gives additional value to water and also limits its waste 
(Hunt, 2004). Water Authorities are moving towards full-cost pricing of providing 
water services for all human uses. This means that the user should pay the full 
cost of obtaining the water they use and that includes full cost of withdrawing 
water, treating it, disposing of the wastewater, and other costs associated with 
operation and maintenance (Hunt, 2004).  
Full-cost pricing of water must be done with fair pricing, subsidies to low-
income communities, transparent operations and should consider social and 
environmental priorities (WWC, 2000). Full cost recovery or Full-cost pricing of 
water was the most controversial of the World Water Commission’s proposals. 
Water was considered to be a free good initially until it started to become 
scarce in the 1990s. For many years various governments had been 
subsidising the supply of water for domestic and irrigation purposes to improve 
the economy. Pricing water makes sure that the water required to meet basic 
needs are affordable to all. Table 3.2 shows the cost of water in different 
countries. 
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Country US$/M3 
Germany $1.91 
Denmark $1.64 
Belgium $1.54 
Netherlands $1.25 
France $1.23 
United Kingdom of Great Britain and Northern $1.18 
Italy $0.76 
Finland $0.69 
Ireland $0.63 
Sweden $0.58 
Spain $0.57 
U.S.A $0.51 
Australia $0.50 
South Africa $0.47 
Canada $0.40 
Table 3.2: Water Rates in Developed Countries (Source: WWAP, 2003). 
From Table 3.2 it can be seen that there are large variations in the cost of 
water between different developed countries. In Germany the cost of water is 
the highest and is almost five times the cost of water in Canada. In North 
American and the European countries the cost of water is mostly based on full 
cost recovery while in the lower income countries the cost of water is usually 
dependent on running costs alone (WWAP, 2003). 
The economic value of water is recognised by pricing water services. It will 
promote water related infrastructure developments, private sector investments 
and provide enough revenue for water authorities to meet the costs of 
operation and maintenance (Hunt, 2004). Therefore it will make water 
authorities responsible to users. Pricing water will be an incentive for the 
privatization of the water sector thus enabling big and small or local and global 
groups to get involved. It will encourage the use of water-saving practices and 
technologies, as well as the funds for further research and development. 
Pricing water has the potential to reduce water withdrawals and ecosystem 
pollution and as a consequence water is conserved (Hunt, 2004). However, 
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people in the higher income group, with higher education and the middle aged 
were not influenced by the price of water (Hurlimann & McKay, 2005). 
3.3.4 Water Recycling and Reuse 
Recycled water is treated wastewater. Use of recycled water is important as it 
helps to conserve water and reduces the load on water resources. Wastewater 
can be classified mainly into grey water and sewage. Grey water includes water 
from washbasin, bathtubs, washing machines and dishwashers and includes all 
the wastewater from a house hold except toilet water (Burkhard, 2000). Grey 
water contains less organic matter and pathogens (Jenssen and Etnier, 1997). 
It can be safely used for household activities from flushing toilets to watering 
gardens. Grey water can be recycled and used with basic or minimal treatment. 
Treatment of grey water usually includes a combination of settling, filtering and 
disinfection process (Hunt, 2004). 
Treated sewage can also be reused. Until recently huge volumes of treated 
sewage were simply discharged into surface water systems. But water scarcity 
has triggered the use of wastewater and around the world recycled water is 
used for a wide range of applications. Recycled water can be used for many 
purposes in the industrial, agricultural and domestic environment. In the 
industrial setting recycled water has many uses ranging from housekeeping 
practices to production processes. The single largest use of recycled water in 
industries is as cooling water (World Business Council for Sustainable 
Development, 2005). Agricultural activities use recycled water for ground water 
recharge and irrigation of non edible crops and garden plants and crops where 
only the top part is eaten (Hunt, 2004). In the urban scenario recycled water is 
used for watering parks and gardens, golf courses, cemeteries,  in construction 
activities, ecosystem restoration, flushing toilets, washing cars and even as 
potable water supplies depending on the purity. Around 45 percent of water 
savings can be achieved in-house by using the water collected in rainwater 
tanks for toilet flushing and hot water systems (Coombes, Argue and Kuczera, 
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1999). Similar finding were also reported by Ghisi, Montibeller & Schmidt 
(2006) when rainwater was combined with grey water and reused at home. 
3.3.4.1 Examples of recycled water reuse 
In Japan 40 percent of recycled water is used for industrial purposes and over 
30 percent is used to increase natural flows in rivers and streams. A food 
processing company in Costa Rica is capturing its own wastewater in-house 
and reusing it for cooling process and cleaning activities. The reused water is 
recaptured and recycled after sufficient treatment (Hunt, 2004). A textile firm in 
India has reduced its water consumption by 80 percent by replacing zinc with 
aluminium in its synthetic fibre production. This has also reduced traces of 
heavy metals in its wastewater. The recycled water is used for irrigating local 
farms (World Business Council for Sustainable Development, 2005).   
In Israel most of the agricultural water demands are met by recycled water. 
Recycled water is used for irrigating a variety of crops, orchards and edible 
vegetables. In Tunisia, about 35 million m3/year of recycled water is used to 
irrigate citrus and olive orchards. Recently recycled water was being used for 
commercial and industrial activities, golf courses and hotel gardens (Hunt, 
2004). In India, the construction phase of Bangalore International airport uses 
around 4 million litres/day of recycled water supplied by the nearby tertiary 
sewage treatment and once it is completed half of the water requirement is to 
be met by rainwater harvesting techniques (Deccan Herald, 2005). In 
Singapore grey water is recycled to drinking water quality standards using a 
new filtration technology (WBCSD, 2005).  In Australia, the Centre for 
Education and Research in Environmental Strategies (CERES) has achieved a 
50 percent reduction in water consumption at their research project facility in 
Melbourne by reusing water. This was accomplished through rainwater 
collection, wastewater recycling and efficient storm water management 
(CERES, 2005). 
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3.3.5 Other Water Conservation Methods 
Making service oriented water authorities responsive to users is another water 
conservation method.  This is based on mutual dependency where the main 
aim is to save water. The best example of this practice is The Sydney Water 
Corporation which operates on a five year licence granted by the government. 
The renewal of the licence is based on a number of conditions. Under one of 
these conditions Sydney water is committed to decrease water consumption by 
45 percent between 1990 to 1991 and 2010 to 2011 (Hunt, 2004). Sydney 
Water has developed a programme to improve water conservation to meed its 
requirements by performing water audits, retro-fittings, information on how to 
save water, coupons for water efficient devices, leakage reduction and control, 
pipe replacement and water recycling. Such practices encourage water utilities 
to save water (Hunt, 2004). 
Empowering communities to take initiatives and adopt locally appropriate 
practices is a method to conserve water. In Thailand between 1985 and 1991 
over 10 million 1-2m3 ferro-cement jars were constructed to tap rainwater and 
meet local requirements. This was achieved through government subsidies and 
initiatives. Along the arid coast of Chile where there is no rainfall, special 
atmospheric conditions cause thick fog. Here people use fog harvester’s to 
meet their water demands. Restoring landscapes and understanding the 
importance of surface topology is necessary to conserve water. In southern 
Florida the large wetlands have been severely altered over 100 years due to 
inappropriate land and water use practices. Recently, in order to revive the 
hydrology and ecology of the region the federal and state government have 
started a restoration programme at the cost of US $7 billion. Integrated 
catchment management (ICM) is a realistic way of managing water resources 
which also helps to create a sustainable environment (Batchelor, 1999). 
Protecting the existing ecosystem, pollution prevention and use of alternative 
sanitation systems are indirect means of conserving water (Hunt, 2004). The 
best way to utilize water resources is to use it in a sustainable manner.  
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Integrated Water Resource Management (IWRM) is a sustainable method of 
exploiting water. It considers best management practices at all levels starting 
with water extraction, use and treatment (Mayfield, Grover & Daley, 2003). The 
various components of IWRM can be seen in figure 3.1. 
 
Figure 3.1: Components of Integrated Water Resource Management (IWRM). 
(Source: Mayfield, Grover & Daley, 2003). 
The use of water wise appliances and support for innovation are important to 
achieve water conservation in the long term. Worldwide, water saving fixtures 
are used in households to conserve water. In the United States, ultra low flow 
toilets (ULFT) and low flow showers are being made mandatory. The new 
flushing and shower systems combined save about 40,000 litres per household 
per year (Hunt, 2004). In the United Kingdom, hand basins are being replaced 
by spray taps. While a standard tap uses 8 litres of water per minute a spray 
tap uses only 2 litres per minute saving 6 litres of water every time the tap is 
used. In India around 10 million people use two-pit pour flush system which 
uses only 2 litres of water per flush compared to the conventional which uses 
10 litres per flush. Waterless urinals are being implemented worldwide and with 
technology advancements water efficient appliances with water rates are also 
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available (Hunt, 2004). It should be noted that water conservation cannot be 
achieved by only water pricing or better management practices; it can only be 
accomplished by a pragmatic mix of policies (Barrett, 2004). 
3.4 Australian Water Milestones and Government Interventions 
Australia is the driest inhabited continent, and faces many challenges for the 
appropriate management of its water resources. Even though the first artesian 
water supply was struck near Bourke, NSW in 1878 it was not until the early 
20th century that the states and federal governments developed a national 
water management plan. The government initiatives relating to water 
management began in 1915 when the governments of NSW, Victoria and 
South Australia signed The River Murray Waters Agreement enabling the 
building of a number of water storages facilities (NLWRAb, 2001). This 
agreement was made to ensure that each state received their fair share of the 
Murray's water. In 1982 The River Murray Waters Agreement was revised to 
facilitate the formation of the River Murray Commission. This new commission 
would take water quality issues into account in its water management 
responsibilities (National Land and Water Resources Audita, 2001). Further, in 
1987 the River Murray Commission was replaced by The Murray-Darling Basin 
Commission. The new agency’s first step was to reform the Murray-Darling 
Basin Agreement. The policy wanted an integrated approach which included 
the management of water, land and natural resources across the river basin 
(NLWRA, 2001a). 
The main driving force that influenced water reform in Australia was the United 
Nations Conference on Environment and Development (UNCED) in 1992 with 
the adoption of Agenda 21 (Pigram, 1999). In the same year the Industry 
Commission report on Water Resources and Waste Disposal was released by 
the Australian Industry Commission. The commission examined the inefficient 
and unsustainable resource use and recommended ways and policies to 
achieve sustainable use (Australian Industry Commission, 1992). In February 
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1994 a major water reform framework was put in place by the Council of 
Australian Governments (COAG). The Council of Australian Governments 
(COAG) is an intergovernmental committee that includes the Prime Minister, 
State Premiers, Territory Chief Ministers and the President of the Australian 
Local Government Association (ALGA).  
COAG approved the finding of its working group chaired by Sir Eric Neal. The 
working group found that the water industry needed reform and it was 
necessary to minimise unsustainable natural water use to prevent degradation 
of the nation’s water resources (Council of Australian Governments, 1994). The 
framework put forth by the council is of national significance, the Water 
Resource Policy advocated the   
? Adoption of an Integrated Water Resource Management (IWRM) 
practice for efficient water resource utilization. 
? Consumption-based pricing reform, reform of water tariffs, full-cost 
recovery and the achievement of more efficient customer-driven service 
provision for asset maintenance and refurbishment. 
? To reduce or remove cross-subsidies for urban and town water services 
and make subsidies transparent; 
? The clarification of property rights to water. 
? The allocation of water to the environment required to uphold the health 
and sustenance of river systems and groundwater basin. 
? The acceptance of trading arrangements in water resource; 
? Any new irrigation proposal or improvements to existing utilities are to be 
undertaken only after proper evaluation of its economical viability and 
ecologically feasibility.  
? Organisational and institutional reforms.  
? Community participation, public education by consultation and 
awareness.  
? Appropriate water related research and use of efficient technologies.  
(Council of Australian Governments, 1994) 
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The Water Resource Policy was followed in April 1995 by the National 
Competition Policy also put in place by the Council of Australian Governments 
(COAG).  One of the main aims of the National Competition Policy was to 
remove unwanted obstacles to trade and competition, this was adopted as 
many of the public sector businesses in Australia including water authorities 
and management agencies lacked the factor of competition to excel in 
customer service and efficient management (Pigram, 1999). 
In 1996 the Commonwealth Government established the $1.5 billion Natural 
Heritage Trust, the largest ever environmental rescue fund in Australia's 
history. The Trust endorsed measures to tackle environmental and ecosystem 
damage, and solve the salinity and water crisis. It also incorporated prevention 
of land clearing and a reduction of water allocations. In 1997 the Natural 
Heritage Trust launched the National Land and Water Resources Audit to 
develop a complete evaluation of Australia's natural resources and assess the 
condition of land and water resources throughout the country. The Trust 
received funding between 2000 and 2004 to help local communities to porduce 
healthier waterways, reduce pollution, produce more productive agricultural 
land, conserve water and protect threatened species. The Natural Heritage 
Trust has now a massive $3 billion in funding and has consolidated all its major 
activities into for major programmes namely Landcare, Bushcare, Rivercare 
and Coastcare (Natural Heritage Trust, 2005). 
In Australia it is now clear that the importance of water resource management 
strategy has shifted from the development of new infrastructure to better use of 
existing facilities in a sustainable manner. Compared with the previous 50 
years, the last decade has seen little development in water resource 
infrastructure. Water resource development is approaching its extraction limits 
in the southern states of Victoria, NSW and South Australia. A limit on water 
diversions was introduced in the Murray-Darling Basin as it was understood 
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that the further increase of water diversions in the Murray-Darling Basin was 
not environmentally sustainable and was endangering the safety of water 
supply for existing users. A two-part tariff and full cost recovery policy is being 
implemented in all states and territories by urban water authorities and this has 
led to efficient water gains across most of Australia's major cities. But water 
gains have not yet been fully realised across Australia as huge water gains 
have yet to come from the agricultural sector (NLWRAb, 2001). 
3.5 Australian Water Reforms 
Australia is now steadily improving its water sector and in recent times there 
has been an increased interest by political leaders, authorities, stakeholders 
and the wider community in the efficient management of water resources within 
the context of environmental sustainability. The main driving forces pushing the 
reform process are the goals set by the Council of Australian Governments 
(COAG) and the conditions of the National Competition Policy (Pigram, 1999). 
It should be understood that the policies put forth are not mere 
recommendations but rules. The Federal Government is providing significant 
contingency payments to the states and territories for the implementation of 
these reforms. Every state that desires to retain its share of the contingency 
payments must abide by the COAG reforms and related policies. The 
nationwide reform frameworks and commitments set down has made water 
conservation mandatory and every water industry and water agency must work 
towards the proposed goals (Pigram, 1999).  The National Action Plan for 
Salinity and Water Quality established by COAG and the Murray–Darling Cap 
by the Murray–Darling Basin Commission (MDBC) helped to reduce the extent 
of salinity in water courses and  to hold water extraction levels to those of 
1993–1994 in the Murray–Darling basin. In a time frame of 21 years it is 
planned to restore the current 1% flow with 28% flow annually in the Snowy 
River below Jindabyne Dam and also maintain sustainable flows in the Murray 
River (Lake & Bond, 2006).  
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The various reforms show Australia is firmly engaged in both effective water 
conservation and sustainable ecological management. The results of these 
reforms can already be seen in an assessment published by The Productivity 
Commission for water drawn from the nation’s 22 main water authorities for 5 
years from 1991–1992 to 1996–1997, it showed that the annual volume of 
water used by Australians increased by mere 5%, and the volume of sewage 
treated rose by 2% over the 5 years (Sheil, 2004). Over the same period water 
use related revenue increased by 17percent around $A 700 million and 
expenses decreased by 7 percent about $A27.5 million (Sheil, 2004). 
Victoria is improving the reform of organizational structures and recently 
released a White Paper on water resources (Department of Sustainability and 
Environment, 2004c). The paper outlines a blueprint for a sustainable water 
resource management for the next 50 years considering all the ecological, 
social and economic factors and similar water reforms are being implemented 
in other states and territories (Lake & Bond, 2006). New South Wales is leading 
the other states in achieving full cost recovery and rationalization of water 
prices (Water and Rivers Commission, 1997). South Australia is the foremost in 
the implementation of transferable water agreements. In Western Australia the 
reform is slow because of the diversity of water availability and the presence of 
different political perspectives on resource development. It was only during 
1997 that Western Australia began to adopt procedures for the distribution and 
transfer of water rights (Water and Rivers Commission, 1997). The state of 
Queensland is still in a developmental phase and is still dedicated to the 
expansion of water infrastructure to tap its water resources with the help of a 
chain of major dams, weirs and irrigation projects (Pigram, 1999).  
Australia is making good progress in water conservation. In 2006 Minister Ian 
Campbell announced “Thousands of Australians are set to save around 18 
billion litres of water a year - the equivalent of 18,000 Olympic swimming 
pools,” as part of the $2 billion Australian dollar Government Water Fund 
(Campbell, 2006). This shows that the Australian Government is commited to 
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promoting wise water consumption, awareness on water conservation, water 
re-use and recycling and water health through better policies and community 
engagement. Television is considered to have the greatest influence in 
changing people’s attitudes towards water conservation (Watson et al, 1999). 
3.6 Australian Water Agencies 
There are many Australian agencies committed towards water conservation 
and the development of better management practices. Some of the major 
players are the:- 
? Australian Water Association (AWA) 
? Commonwealth Scientific & Industrial Research Organisation (CSIRO) 
? Natural Heritage Trust 
? National Water Commission 
? Waterwatch Australia 
? Water Services Association of Australia (WSAA) 
? Cooperative Research Centre (CRC) 
? State Water Bodies and  
? City water Authorities. 
3.7 Australian Water Policies 
Water policy refers to a set of regulations for the development and 
management of water resources and also forms a framework for the water 
industry. The water policies are developed by the water related departments 
through the Ministers. Almost all states have their own state-wide strategic 
policy. The National Water Commission is the main reform body which helps 
other states to put into practice the National Water Initiative (National Water 
Commission, 2005a). Figure 3.1 shows the relationship between the various 
state departments and water authorities with the National Water Commission. 
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Figure 3.2: Depicts the relationship between the different government 
organisations down to the domestic consumer. (Source: NWC, 2006). 
  
The different states have their own priorities in implementing water policies due 
to the variation in access and supply of water resources (Source: National 
Water Commission, 2006). State policies are tailored to meet their situations 
but are based on the agreed policies seen in figure 3.1. Some of the main 
policies which are now legislation are shown in Table 3.3. 
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State Legislation Year 
Western Australia WA - Rights in Water and Irrigation Act  1914 
Victoria VIC - Water Act   1989 
Northern Territory NT - Water Act  1992 
Inter State MDBC - Murray Darling Basin Act  1993 
Canberra ACT - Water Resources Act  1998 
Tasmania TAS - Water Management Act   1999 
Queensland QLD - Water Act   2000 
New South Wales NSW - Water Management Act  2000 
South Australia SA - Natural Resources Management Act   2004 
Victoria VIC - Water (Resource Management) Act   2005 
Table 3.3: Legislation involving water management for different states and 
territories (Source: National Water Commission, 2006). 
The National Water Initiative (NWI) is Australia’s water management plan to 
reform national water resources. The NWI was signed by all the state 
governments on the 25 June 2004 during the COAG meeting. The objectives of 
the National Water Initiative are to increase the efficiency of Australia’s water 
use and ensure the health of its natural water resources. These objectives 
underpin all legislation concerning water management. The key elements put 
forth for water conservation are 
? Form water access entitlements and a planning framework  
? Create water markets and efficient water trading  
? Practice best water pricing 
? Adopt integrated water management practices  
? Accounting for water resource  
? Reform urban water management  
? Improve knowledge and capacity building and  
? Encourage community partnerships and awareness.  
(COAG, 2004) 
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As a result of these legislations, awareness campaigns and community grants 
programmes many Australians are saving water by implementing successful 
projects nationwide. Some of the few examples from each state are discussed 
below 
? In Bunbury, WA the irrigation system at five local parks and ovals have 
been customised to communicate with a new weather station that will 
regulate irrigation times and settings according to the weather patterns. 
This new and water efficient irrigation system will help to save over 
50,000,000 litres of water annually (Community Water Grants, 2006). 
? In Tasmania, the Mayfield Primary School is installing a wide range of 
water saving appliances like self closing taps, instant water heaters and 
dual flush toilets. The school will also use rain water harvesting 
techniques to store water for landscaping and garden irrigation. These 
new changes will save 6,650,000 litres of water annually (Community 
Water Grants, 2006). 
? In Canberra, the Australian National University will conserve water by 
reusing potable water for the rotorvaporators in its chemistry 
laboratories. This will be done by using air-cooled chillers to cool and 
recirculate water passing through rotorvaporators in the chemistry labs. 
This new practice will conserve around 26,000,000 litres of water 
annually (Community Water Grants, 2006). 
? In NSW, the Hurstville City Council will install rainwater collection tanks 
and a pumping system at the Peakhurst Council Depot. The harvested 
rain water will be used for washing Council vehicles, plant equipment, 
and spare parts in the wash bay. This rain water harvesting system will 
save 738,000 litres of water annually (Community Water Grants, 2006). 
? In NT, the Katherine Town Council will construct better erosion control 
structures to stabilise banks of the Katherine River and will revegetate 
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1.2 hectares of land with perennial native grasses and native trees. The 
council will install water saving devices like dual flush toilets, waterless 
urinals, water efficient shower heads and self-closing taps at the 
Katherine Sportsground. These changes will create a better environment 
and save 1,421,100 litres of water annually (Community Water Grants, 
2006). 
? In Queensland, the Townsville City Council is conserving water at the 
Townsville Civic Theatre by installing water efficient devices like dual 
flush toilets, water economy urinals, smart toilet systems and low-flow 
taps and showers in the theatre’s bathrooms. This will to conserve 
2,400,000 litres of water annually (Community Water Grants, 2006). 
? In South Australia, the Arno Bay Progress Association is saving water at 
community ovals and parks in the Arno Bay district by reusing water. A 
dam is constructed to collect run off from silo storage and rainwater. The 
rainwater from the storage facility is used to irrigate the ovals and parks 
by using efficient sub-surface irrigation system. This proposal will help to 
revegetate 2 hectares of land and conserve 2,590,000 litres of water 
annually (Community Water Grants, 2006). 
? In Victoria, the City of Boroondara is installing a rainwater collection 
facility on the roof of the Kew Library. The rainwater is used to irrigate 
the Alexandra Gardens and for miscellaneous washing at the Kew 
Depot. This will help to save 240,000 litres of water annually (Community 
Water Grants, 2006). 
From the above examples its is understood that rainwater harvesting and 
greywater reuse coupled with use of an automated sub surface system of 
customised irrigation and water efficient devices like dual flush toilets, 
waterless urinals, water efficient shower heads and self-closing taps are the 
most common and also the best way to conserve water in the urban 
environment (Community Water Grants, 2006). 
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3.8 Victoria - Water Policies  
In Victoria the Department of Sustainability and Environment (DSE) supports 
the Minister for water and is responsible for state policy and strategic planning. 
The DSE takes care of water resource management including water planning 
and allocation, water entitlements and water trading. According to Victorian 
water policy, the water authorities must prepare a water supply and demand 
plan for every five years with a fifty year outlook.  
The water plans are developed along with the Department of Sustainability and 
Environment, Environmental Protection Agency (EPA), Department of Human 
Services (DHS) and the Essential Services Commission (ESC). The EPA looks 
into environmental regulation, the DHS-Drinking Water Regulatory Unit looks 
into water quality and the ESC looks into price determination and monitors 
service standards (National Water Commission, 2005a). 
Recent polices in Victoria include the Our Water Our Future, Smart Water Fund 
and the Water Recycling Action Plan. These policies aim to reduce potable 
water use by 15 percent, recycle 20 percent and achieve at least 25 percent 
water saving by 2010.  To achieve these targets new regulations are being put 
into place to form sustainable suburbs by including Integrated Water 
Management (IWM) for residential areas and adopting Water Sensitive Urban 
Designs (WSUD). The best example of this is the Inkerman Oasis a 236 room 
apartment in St.Kilda, a joint venture of Port Philip Council and a private 
developer. The apartments were developed using IWM and WSUD technology. 
It uses greywater and stormwater for flushing and lawn irrigation (National 
Water Commission, 2005a). Victoria’s total investment in the National Water 
Initiative will reach over $900 million by 2014. This includes $320 million from 
the 10 year Victorian Water Trust, $202 million from the Snowy River 
commitment, $167 million commitment to the proposed Wimmera Mallee 
Pipeline, and $225 million for the Our Water Our Future initiatives (Victorian 
Government, 2006). 
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3.9 Victoria - Water Authorities  
Approximately 70 percent of Australia’s population is serviced by 26 utilities 
and another 3 million people are serviced by 200 small utilities (National Water 
Commission, 2005a). The Majority of these utilities are government owned but 
have been commercialised to improve their operational and maintenance 
efficiencies. In Victoria there are 16 water authorities, of which five are rural 
based and the remaining eleven are urban based. A summary of the Victorian 
water utilities along with details of their service area, customer information and 
annual water supplied during the year 2003-2004 are described in table 3.4 and 
3.5 respectively. 
 
Water 
Authority Service Area 
Customers/Prop
erties serviced 
Water 
Supplied 
(GL/year) 
Goulburn-
Murray Water 
 
Northern Victoria - 
Goulburn & Murray 
Valley & Loddon River 
24,757 properties 
 
2,100 
 
Southern Rural 
Water 
Entire southern Victoria 
(western district & 
Gippsland) 
10,000 residents 
 
190 
 
Lower Murray 
 
North-western Victoria 
& Mildura 
1,091 Private 
Diverters & 2,505 
businesses 
90 
First Mildura  
 Around Mildura 5,200 residents 90 
Grampians-
Wimmera-
Mallee 
 
Wimmera & Mallee 
(western Victoria) 7,300 residents 
138 
 
Table 3.4: Description of Water Authorities in rural Victoria. (Source: NWC, 
2005a). 
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Water 
Authority Service Area 
Customers/Properti
es serviced 
Water 
Supplied 
(GL/year) 
Melbourne 
Water 
Melbourne 
metropolitan area 
1.38 million homes & 
126,000 businesses 
438 bulk water 
 
City West 
Water 
Melbourne CBD & 
western suburbs 
0.27 million homes & 
30,000 businesses 109 
South East 
Water 
South eastern 
suburbs of 
Melbourne & 
Mornington 
Peninsula 
Served 0.54 million 
homes & 48,000 
businesses 
155 
 
Yarra Valley 
Water 
Northern & eastern 
suburbs of 
Melbourne & 
Dandenong Ranges 
0.575 million homes 
& 47,000 businesses 
169 
 
Barwon 
Water 
Geelong & 
surrounding towns 
258,000 residents & 
11,000 businesses 
41 
 
Coliban 
Water 
Bendigo, surrounding 
towns 
120,000 residents & 
6,000 
businesses 
25 
 
Central 
Highlands 
Water 
 
Ballarat & 
surrounding towns 
114,000 residents & 
5,000 
businesses 
16 
 
Gippsland 
Water 
Gippsland towns-
Warragul, Moe, 
Traralgon & Sale 
120,000 residents & 
6,000 
businesses 
28 
 
Goulburn 
Valley Water 
 
Shepparton & 
surrounding towns 
118,000 residents & 
6,000 
businesses 
 
25 
 
Western 
Water 
North west of 
Melbourne’s towns 
such as Sunbury, 
Melton & Bacchus 
Marsh 
120,000 residents 
11 
 
Westernport 
Water 
Phillip Island & close 
mainland towns 
15,000 homes & 
businesses 25 
Table 3.5: Water Authorities in urban Victoria. (Source: NWC, 2005a). 
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From Tables 3.4 and 3.5 it can be seen that annual water consumption for the 
year 2003-2004 in rural areas is 2608 GL and for the urban areas 609 GL. The 
rural areas have four water authorities with Goulburn-Murray Water the major 
supplier; it supplied 2100 GL water in 2003-2004. Melbourne Water is the major 
supplier among urban water authorities and supplied 438 GL bulk or wholesale 
water in 2003-2004 to City West Water, South East Water and Yarra Valley 
Water which supply water to Melbourne suburbs. 
3.10 Summary 
In this Chapter the various government interventions over time were discussed 
and the different water policies and their origins were presented. The 
development of water management plans and the efforts of the global 
community and the Australian Government over the years were discussed. The 
different water policies and legislations in place in Australia to increase water 
conservation were explained in this chapter. The National Water Initiative which 
made water conservation a certainty was discussed with examples from each 
state. The Victorian water policy and water authorities were discussed in this 
chapter. In the next chapter socio-demographic characteristics of Australia are 
discussed. The impact or influence of various socio-demographic factors on 
water consumption is studied.  
 
 
 
 
Determining an Urban Water Consumption model based on Socio-Demographic Factors 
Chapter 4 –Socio-Demographic Factors and Water Consumption                                                    66 
CHAPTER 4 
SOCIO-DEMOGRAPHIC FACTORS AND WATER CONSUMPTION 
 
4.1 Introduction 
In Chapter 3 the milestones of global and Australian Government water reforms 
and policies were discussed. The different approaches towards water 
management and the state-wide successful implementation of water 
conservation projects were discussed. The water management practices, 
policies and the different water authorities existing in Victoria were explained.  
In this chapter the relationship between water consumption and different socio-
demographic factors is looked at. The various socio-demographic 
characteristics in Australia are discussed and analysed. The influence of 
different social and demographic factors on water consumption is discussed in 
detail. 
4.2 Socio-demographic Factors 
Socio-demographic factors describe the social and demographic make up of 
any community. Understanding the different attributes of socio-demographic 
factors is important as it helps to analyse trends and predict changes. Factors 
like population size, growth, density and distribution along with socio-economic 
factors like occupation, education, income, wealth, and dwelling information are 
all interrelated. Population growth is an important factor and is used in 
forecasting water and energy demand. By simply multiplying the present per 
capita water use with the projected population, the water demand for the 
projected year can be obtained. But the actual process is much more 
complicated, water demand is actually determined by several factors like the 
climatic conditions, cost of water, community behaviour, and the efficiency of 
water using appliances and whether the water restrictions are in place. 
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Statistical methods of multiple regression and time series are used to estimate 
urban water consumption. This is based on variables like population, household 
income, water price, rainfall, air temperature, weather conditions and 
evaporation (Zhou et al, 2002). In this study the focus is to establish the 
strengths, direction and significance of the relationships between water 
consumption and socio-demographic factors.  
4.3 Socio demographic relationship to water consumption 
Water use can be affected by a number of socio-demographic factors and 
previous studies have noticed this. Water consumption in the urban 
environment tends to be dynamic and varies among low and high income 
persons (Dube and Van der Zaag, 2003). The study used linear regression to 
study water use against low and high income households of the city of 
Masvingo, Zimbabwe. The study recorded that water consumption in affluent 
households fluctuated more than non-affluent households due to changes in 
water usage.  It found that water demand for high income households may be 
2.7 times higher than low income households but recommended detailed 
research to uphold its findings (Dube and Van der Zaag, 2003).   
In the water consumption study in Quebec City, Canada, which analysed the 
impact of age and sex on water consumption it was found that different age 
groups had no significant relationship with water consumption and males 
consumed more water than females, but the difference was not significant 
(Levallois etal, 1998). In another study done in Benin, West Africa the 
relationship between various social factors and water use was explored. The 
results of the study showed that there was a strong and direct relation between 
household size and the volume of water consumed. It also reported that rich 
high income household’s use up to 50 percent more water than low income 
households (Hadjer etal, 2005). In another study conducted over six years in 
Arizona, water consumption depended on factors like qualifications or education 
achieved, number of persons in a household and type of occupants namely 
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renters and owners (Campbell, Johnson & Larson 2004). But in a study 
conducted in China it was found that variables such as water price or income 
did not have the expected impact on household water consumption (Zhang & 
Brown, 2005). 
4.3.1 Education Campaigns and Water Use 
The effect of education campaigns or government interventions on water 
consumption is relevant. Heiman (2002) reported a one to five percent decrease 
in water consumption depending on the past water conservation campaigns. A 
reduction of one to four percent in water consumption was reported in 12 cities 
in the United States due to education campaigns and public awareness 
programmes, and also one to five percent savings by the Israeli Water Authority 
during 1997 to 2000 (Michelsen, McGuckin and Stumpf, 1999). Heiman (2002) 
conducted a survey in Israel to find the find the effects of recent advertising 
campaigns and the results of the study are interesting. According to the study 
females responded more efficiently to the various campaigns than males. 
Women increased the probability of saving water by 58 percent. High income 
earners are willing to save more water than the low and medium income 
groups. The willingness to save water reduced sharply when increased water 
pricing was introduced (Heiman, 2002). Public awareness cannot be achieved 
by a one or single set of campaigns. Public awareness can be mobilised by 
identifying the community knowledge, attitudes and social practices (Schuringa, 
2000).  
Campbell, Johnson & Larson (2004) in their study to find the effectiveness of 
any policy towards water conservation found that engineering solutions without 
communication or proper public campaigns were more likely to be unsuccessful. 
They reported that advertisements on billboards or on radios were more 
successful when compared to one-off brochures or information materials sent to 
individual homes. They revealed that repeated communication or frequent 
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exposure of the people to certain campaigns could bring about behavioural 
changes (Campbell, Johnson & Larson 2004).    
4.3.2 Lifestyle, Dwelling Types, Lot Size and Water Use 
In another study done for the CSIRO to understand home garden water use in 
Perth, WA it was found that socio-demographic factors had an influence on 
water consumption.  From the study it can be seen that owner occupied 
households or dwellings tend to consume more water, it was also found that 
large plots or bigger properties use more water, dwellings with a swimming pool 
use more water, households with better rated gardens generally use more water 
and finally properties with complex lawn watering systems are more likely to 
consume more water (Syme etal, 2003). The study used multivariate analysis to 
identify the variables having a significant impact on water consumption. In the 
United States it was found that multifamily or families living together in a 
household used less water. But the current trend was less people per 
household, improving financial situations and people moving towards warmer 
inland areas was driving per head water consumption upward (Diamond and 
Moezzi, 2004). A study by Campbell et.al (2004) found that houses with more 
number of bathrooms tend to use more water. It was also noted that water 
consumption increased with the commercial value of the house, this was 
because expensive houses tend to have more water fixtures when compared to 
ordinary homes (Campbell, Johnson & Larson 2004). They also noted that older 
houses tend to use more water than new dwellings, but this relation was not 
linear because once the house was old enough the water fixtures were replaced 
by new ones. In a study by Troy and Holloway (2004) it was found that sperate 
houses consume more water than medium density housing. 
Nancarrow and Porter (2004) evaluated lifestyle against water use and found 
that the main predictors for internal household water consumption are earnings, 
family size and various appliance ownership like spa baths, dishwashers and air 
conditioners. And similarly the main predictors for external household water 
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consumption are income or earnings, block or lot size, the presence of a 
swimming pool, gardening interests and recreational activities (Nancarrow and 
Porter, 2004).  
Nancarrow and Porter (2004) developed a model for the Australian Research 
Centre for Water in Society (ARCWIS) which is still under testing to evaluate 
community behaviour towards any water supply system. The model explains the 
importance of socio- demographic factors in terms of community acceptance 
and behaviour which is directly related to age, educational qualifications, 
income, ownership etc. The ARCWIS (2002) report called Water in Society 
published in the summer of 2002 had the results of a survey in Perth. The 
survey findings which were based on the structural equation model, shows that 
both socio-demographic and community attitudes independently affected 
external water consumption. It stated that both factors were important and 
should be considered in any water demand management programs. The report 
demonstrated that dwellings with bigger blocks, swimming pools, well 
maintained gardens and owner occupied homes with higher incomes had a 
positive correlation with external water use. Factors like standard of living, 
recreation and enjoyment of gardening also were highly correlated with external 
water use. The details of the hypothesised model used in this study can be 
seen in figure 4.1. 
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Figure 4.1: Hypothesised model: Community acceptability and water supply 
system (Source: Nancarrow and Porter, 2004).  
According to an urban water demand management study done in the 
metropolitan area of Barcelona by Sauri (2003) it was also found there was a 
relationship between socio-demographic factors and water consumption, and 
called for an integration of water and urban development polices. It established 
that continuous low-density development coupled with increase of the number 
of households and growth in income lead to a possible larger need for water 
(Sauri, 2003). Kallis (1999) in order to evaluate the link between urban 
demographics, social factors and urban water demand examined factors like 
income, dwelling type, household size, urban size, and urban standard of living. 
The study concluded in general that people or households with higher incomes, 
single and semi-detached dwellings, smaller sized households, and larger 
urban cities emerge to be related with higher water consumption levels (Kallis, 
1999). The price of water can also impact water use trends; in a study in 
southern California a 10 percent hike in water prices caused a 5.3 percent 
decrease in water use by lower or middle income households and only a 1.1 
percent by affluent households (Renwick and Archibald, 1998). In an interesting 
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study, it was found that education is the only significant variable that is 
positively related to hot water consumption in households (Edward, Rick and 
Rich, 1987).  
4.3.3 Household or Family Size and Water Use 
Martin (1999) in a study in the Middle East (Jordan, Lebanon, Syria, the West 
Bank, Gaza and Israel) found that there is a strong relationship between 
household or family size and water consumption. The data from 1975 to 
1994 was used for the analysis and it was understood that for Israel where 
there were small but important changes in household or family size then 
water consumption was better explained by the growth in the household 
numbers than by population size. Similarly for Jordan and Syria where there 
was an increase in household numbers there was a positive correlation 
between household numbers with water consumption. For Gaza and West 
Bank no household data was available. But with decline in population growth 
and an increase in older age groups of people, smaller household or family 
size dwellings water consumption is expected to rise. Six persons living 
together in a household consume approximately less than twice the amount 
water for home maintenance, laundry, car washing, lawn watering, etc., than a 
three person family (Martin, 1999). Martin (1999) suggested that any 
expected decrease in household size should be taken into consideration when 
estimating water demand for the Middle East. 
According to a study done for the Water Services Association of Australia 
(WSAA) it was found that urban consolidation had a significant impact on water 
consumption (WSAA, 2005). The study estimated the impact of demographic 
change or the increase in construction of medium to high density dwellings on 
water consumption. Water consumption of the five capital cities was projected 
based on four scenarios. The first scenario (A) was based solely on the 
population estimates, the second scenario (B) was based on population and 
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household change, the third scenario (C) was based entirely on current 
household changes and the fourth scenario (D) was based on the success of 
the urban consolidation measures developed by the State planning authorities. 
The results of the study can be seen in table 4.14. 
 
Table 4.1: Projected increase in water use based on four scenarios (Source: 
Water Services Association of Australia, 2005). 
Where,  
 Scenario (A): Population estimates 
 Scenario (B): Population and household change 
Scenario (C): Household changes 
Scenario (D): Success of urban consolidation measures 
From the results table is can be seen that water consumption is also dependent 
on urban consolidation and not just on population numbers. All the capital cities 
had a higher percentage increase in water demand for scenarios B, C and D. 
This shows that household changes have an impact on water use. For 
Melbourne the scenario B shows a 42 percent increase in water demand which 
is based on population and household change and similarly scenarios C & D 
also show a higher demand than scenario A which is solely based on population 
estimates. According to scenario D, should the Victorian Government achieve 
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their urban consolidation plans for Melbourne the projected growth in water 
consumption is 37 percent.  
In Melbourne the average in house daily water use is 220 litres, for a second 
person it is 176 litres and for the next every other person in the house hold the 
usage is 110 litres (Yarra Valley Water, 2004). Therefore in a four person 
dwelling the water use is 616 litres/day and in two, two person dwellings the 
water use is 792 litres/day. The household size is obviously a key factor in 
finding the volume of water used, but the influence of this factor is not clear due 
to the wide difference in the average water use for any given household size 
(Yarra Valley Water, 2004). Each additional dwelling means additional water for 
indoor use and this depends on the number of persons per dwelling, per capita 
water consumption in a dwelling tends to decline with the increase in household 
members (Water Services Association of Australia, 2005). A negative 
correlation between the number of household members and per capita water 
consumption was also reported in a study in Jordan (Iskandarani, 2002). The 
City Futures Research Centre (2005) report illustrated that single person 
households consumed 128 KL of water per year that is the highest per capita 
consumption, followed by couples without children whose usage was 113 KL 
per year, single parent families used 90 KL per year and two parent families 
used only 84 KL of water per year. 
Water reuse is a method of conserving water.  Therefore it is indirectly related 
to water consumption, in the sense when more water is conserved less water is 
consumed from the water source. Some socio-demographic factors have been 
identified that influence water reuse. A study pointed out that persons from 
different genders, education levels, place of residence, and language spoken 
had different responses towards water reuse (Sydney Water, 1999). But Jeffrey 
(2002) and CSIRO (2003) did not find any significant relationship between age 
groups, gender and income and aversion towards water reuse.  
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4.4 Summary 
In this chapter the various social and demographic trends of Australia and the 
various states over the decade from 1995 to 2005 were discussed in detail. The 
different social and demographic characteristics that influence water 
consumption were examined. The relationship between certain socio-
demographic factors and water demand is understood.  In the next chapter 
Melbourne water consumption is analysed against the different socio-
demographic factors using relevant multivariate analysis techniques.  
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CHAPTER 5 
CASE STUDY: MELBOURNE WATER CONSUMPTION 
 
5.1 Introduction 
Chapter 4 discussed the different socio-demographic characteristics of 
Australia. This includes the changes in certain socio-demographic factors over 
the decade from 1995 to 2005.  The importance of the various social and 
demographic factors and their influence on water consumption were described. 
The relationship of relevant socio-demographic factors towards water 
consumption was discussed. In this chapter the water situation in Melbourne is 
reviewed. The history and services of the relevant water authorities are briefly 
discussed. The water consumption data obtained from the different water 
authorities and the socio-demographic data are examined. The various datasets 
are joined together on a postcode level to obtain the analysis dataset. Spatial 
patterns are studied using spatial autocorrelation. 
5.2 Metropolitan Melbourne: Background 
Melbourne was used as a case study for a number of reasons. The water 
demand for Melbourne is rising due to increasing population and economic 
growth. And recurring drought conditions with low water reserves are causing 
concern for Melburnians and the Victorian Government. 
According to a recent discussion paper released by the water minister and the 
Victorian Premier, Melbourne could face severe water shortage by the year 
2019 or even run out of water unless more effort is put into conserving water 
and increasing water supplies (Melbourne Water, 2005b).  The paper stated that 
water consumption would rise due to increasing population, economic growth, 
climate change and changes in land use pattern (Melbourne Water, 2005b). 
This shows that there is an urgent need to conserve water in any way possible 
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to secure a water safe Melbourne. Figure 5.1 shows water supply and demand 
estimates until 2055 for Melbourne. It show the different possible situations with 
regard to water supply based on the severity of climate change. It also shows 
water demand based on the increasing population and economic growth. 
 
Figure 5.1: Melbourne water supply and demand estimates. (Source: Melbourne 
Water, 2005b) 
From Figure 5.1 water it is obvious that demand could outstrip water supply if 
suitable initiatives are not taken. Climate change due to global warming is 
causing water reserves to decline in their capacity. Metropolitan Melbourne on a 
number of occasions has faced drought conditions and water resources have 
come under stress during these periods leading to water restrictions (Melbourne 
Water, 2001b; 2003b; 2006b).  
Water restrictions are not new to Melbourne; on 15 different occasions water 
restrictions have been placed in metropolitan Melbourne to save water and to 
prevent an imminent shortage (Melbourne water, 2006d). Even recently the 
water minister has declared stage 2 restrictions in Melbourne from November 1 
2006 (Melbourne Water, 2006c). Water restrictions are initiated at different 
Source: Sustainable Water Strategy, Central Region Discussion 
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stages from 1 to 4. This is dependent on the storage level of Melbourne’s 
reservoirs during different months of a year. Stage 1 restriction is usually 
introduced when storage levels fall below 48 percent of the total capacity. 
Similarly stage 2, 3 and 4 restrictions are introduced when storage levels fall 
below 42, 36 and 29 percent of the total capacity respectively (Melbourne 
Water, 2001c; 2002c; 2003c). Figure 5.2 describes the different points at which 
water restrictions occur with respect to water storages. 
 
 
Figure 5.2: Water restriction trigger points. (Source: Melbourne Water, 2003c) 
 
Melbourne had water restrictions as early as 1937-38, then in 1945-46 and also 
in 1967-68. But during these periods the government had begun to build new 
dams to increase the water storage capacity of Melbourne (Yarra Valley Water, 
2006).  
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Figure 5.3: Effect of water restrictions on water use. (Source: Melbourne Water, 
2000) 
Water restrictions have helped to check the increase in water use over the 
years and this can be seen in figure 5.3. From this figure it can be seen that 
water consumption has increased drastically over the mid nineties and water 
restrictions have helped to check the increasing trend. 
In 1984 the government commenced a major education campaign “Don't be a 
Wally with Water”, this was huge success and made people realise the 
importance of water. Since 1999 Melbourne water along with the different water 
companies are educating people about water conservation. In 2000 a 
community based education campaign was launched on the theme “Don't be a 
Water Hog” (Melbourne Water, 1999). These campaigns along with other 
initiatives, like progressive water pricing, dual-flush toilets, water efficient 
appliances, better gardening equipment helped to save water.  
Melbourne was hit by the driest summer in 50 years during 2000-01 and this led 
to stage 1 water restrictions being implemented (Melbourne Water, 2000). In 
Source: Water Supply-Demand Strategy for Melbourne 2006 - 2055 
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2002 the government launched the “Water Smart City” programme which 
indented to reduce water use by 14 percent per person by 2050 (Melbourne 
Water, 2000). The programme would provide education to the public on creating 
water efficient gardens, cutting household water use by reducing shower time, 
avoiding hosing paths and not using sprinklers on total fire ban days (Melbourne 
Water, 2000).  
In 2002 the “Smart Water Fund” was introduced to develop better water 
management programs. In the same year the Victorian Government revealed a 
plant to achieve a 15 percent reduction in water consumption by 2010 
(Melbourne Water, 2002b). Due to consistent drought conditions, in 2003 
Melbourne’s water storages were at their lowest and stage 2 water restrictions 
were introduced (Melbourne Water, 2004). The Victorian Government will save 
Melbourne’s precious water by investing AUD 20 million over four years to 
develop Smart Farms, Water Smart Homes and Gardens (DSE, 2004a). 
In 2004 “Our Water Our Future” campaign was introduced and in late 2005 a 
new scheme was launched to display water-efficiency rating and labelling for 
commercial carwashes and household appliances (Melbourne Water, 2004). 
This constant push towards water conservation showed good results in 2006 
when the Victorian premier announced that Melburnians had saved 3.5 billion 
litres of water or  three litres per person over the past years thereby bringing 
down Melbourne’s water use by 22 percent since the 1990s (Melbourne Water, 
2006c and DSE, 2005b). Stage 1 water restrictions were introduced from 
September 2006 to conserve water throughout the spring and summer months 
(South East Water, 2006). 
In a telephone survey by Melbourne Water in 2000 it was found that around 50 
percent of people claimed they used less water and more than 70 percent said 
that they got the message from radio or TV. Similarly a news poll survey in 2000 
reported that more than 90 percent Melburnians made an effort to conserve 
water. Therefore the annual increase in water consumption has decreased from 
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3 percent in 1980s to 1 percent (Melbourne Water, 2000). The details of the 
survey can be seen in the figure 5.4. 
 
Figure 5.4: Response to water conservation campaign. (Source: Melbourne 
Water, 2000) 
The water authorities are implementing new schemes to reduce water 
consumption and conserve water. And there is a growing need for better 
techniques and new knowledge to achieve water conservation. This is an 
ongoing process which is required to secure a water safe Melbourne. 
5.3 Metropolitan Melbourne Water Authorities 
In 1857 after the completion of Yan Yean Reservoir Melbourne started to 
receive water through water mains and in 1891 the Melbourne and Metropolitan 
Board of Works came into existence. The Board was responsible for 
Melbourne’s water supply system and in 1991 the Board joined with smaller 
water utilities to form Melbourne Water (Melbourne Water, 2006f). The Victorian 
Government in 1995 partitioned Melbourne Water into three retail businesses 
namely City West Water, South East Water and Yarra Valley Water (Melbourne 
Water, 2006f). However Melbourne Water is the main water authority for 
metropolitan Melbourne and is responsible for bulk water storage, wholesale 
water, wastewater and stormwater. It is also manages the regional drainage 
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system for the Port Phillip and Westernport catchment (National Water 
Commission, 2005a). City West, South East and Yarra Valley Water provide 
secure and reliable water to homes and businesses and also remove 
wastewater from the service areas. City West Water (CWW) services 
Melbourne’s central business district and inner and western suburbs, and has 
more commercial users than residential ones. South East Water (SEW) covers 
the entire Mornington Peninsula, Western Port, and the south-eastern suburbs. 
Yarra Valley Water (YVW) services the Yarra Ranges, northern and eastern 
suburbs (Melbourne Water, 2006f). 
 
Figure 5.5: Greater Melbourne water retailers map. (Source: Melbourne Water, 
2006f) 
5.4 Data 
The objective of this research is to identify the potential relationship between 
water consumption and various socio demographic factors. Melbourne was 
considered as an ideal case study as there was a need to reduce water use and 
conserve water.  To meet the research objectives water consumption data was 
collected from the different water retail companies that distribute water in 
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Greater Melbourne. The socio-demographic data used for this analysis was the 
Australian Bureau of Statistics 2001 census data and business data. These 
datasets were combined together and analysed using statistical and GIS 
techniques to arrive at a suitable result. 
5.4.1 Water Consumption Data 
The water authorities namely City West Water, South East Water and Yarra 
Valley Water provided the total billed water usage on a postcode level. The total 
billed water was used in the analysis as it was considered as a better 
representation of water use. Billed water was the water that was paid for and 
excluded other transmission and operational water losses; therefore it reflected 
the actual amount of water used. The total billed water usage per postcode 
contained the total water used for all purposes including residential and 
commercial usage. This water use data was used to analyse any relationship 
between water consumption and various socio-demographic factors.  
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 Chart 5.1: Water use in Greater Melbourne during 2000-2005. 
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From the chart generated using the analysis water consumption data it can be 
perceived that water use is decreasing constantly over the years. This is 
probably due to water restrictions and state government initiatives introduced 
during this period. 
5.4.1.1 City West Water (CWW) 
The total billed annual water consumption data by postcode for nine years from 
1996-97 to 2004-05 was obtained from CWW. The water use data for 53 
postcodes was received and the data from 42 postcodes were used in the 
analysis. The 11 postcodes excluded had missing data. The water consumption 
data was received in kilolitre (KL) and was converted to megalitre (ML) for the 
analysis. Figure 5.6 shows the water service area for CWW. The complete 
details of the CWW water use data can be seen in Appendix 1. 
 
Figure 5.6: City West Water service area (Source: City West Water, 2005) 
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5.4.1.2 South East Water (SEW) 
South East Water provided the per capita daily water consumption data by 
postcode for five years from 2000-01 to 2004-05. The water use data for 105 
postcodes was received and the data from 102 postcodes were used in the 
analysis. The three postcodes excluded had missing data. The per capita daily 
water use data in litres was multiplied by 365 days and the Department of 
Sustainability and Environment (DSE, 2004b) “Victoria in Future 2004” 
population estimates data were used to get the annual water consumption data 
per postcode. The water consumption data was in litre (L) and was converted to 
megalitre (ML) for the analysis. Figure 5.7 shows the SEW distribution area. 
The complete details of the SEW data can be seen in Appendix 1. 
 
Figure 5.7: South East Water distribution area (Source: South East Water, 
2005) 
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5.4.1.3 Yarra Valley Water (YVW) 
From Yarra Valley Water the total billed annual water consumption data by 
postcode for eight years from 1997-98 to 2004-05 was obtained. The water use 
data for 126 postcodes was received and the data from 119 postcodes were 
used in the analysis. The six postcodes excluded had missing data. YVW had 
water use data for postcodes which CWW and SEW also had data. In total 
there where 15 duplicates 13 for SEW and 2 for CWW. The water use for the 
common postcodes or duplicates were integrated together to form a single 
value for each postcode. The water consumption data was converted to 
megalitre (ML) for the analysis. The figure 5.8 shows the water service area for 
YVW. The complete details of the YVW water use data can be seen in 
Appendix 1. 
 
Figure 5.8: Yarra Valley Water service area (Source: Yarra Valley Water, 2005) 
The various characteristics of the water consumption data obtained from the 
water authorities can be seen in the table below. 
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Attribute CWW SEW YVW 
Number of Postcodes 42 102 119 
Approx Area (Sqkm) 1,130 3,640 4,000 
Population (Million) 0.70 1.30 1.60 
Water Use 2004-05 (ML) 95,495 139,276 144,845 
Table 5.1: Attributes of water consumption data (Source: CWW, SEW & YVW, 
2005) 
The water consumption data received from the different water authorities were 
combined together on a postcode level to create a single database. The water 
use data was cleaned to remove the missing values and it was converted into a 
common unit. Once the combined water use dataset was created a new field 
called Water Retailer was added and the respective values were entered. This 
was done to identify the data source. 
5.4.2 Socio-demographic Data 
The socio-demographic data needed for the analysis is based on the ABS 2001 
census data and Business data. The ABS census data was taken from the ABS 
website (ABS, 2001). The business data was obtained from CD given by ‘Insite 
Data Solutions’. The socio-demographic data was extracted from the census 
data on a postcode level. This was done to link the water consumption and 
socio-demographic characteristics on a postcode level. The 2001 census data 
is basically classified into tables based on their profiles. The census data has 
seven different profiles of data. Out of this large dataset the Basic Community 
Profile (BCP) was chosen for this study. The basic community profile contains 
basic statistical information that gives an understanding of the demographic 
profile of an area. The BCP includes different types of demographic data split 
into 33 tables based on various socio-demographic factors. The tables provide 
information on age groups, martial status, birthplace, gender, family type, 
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income groups, ethnicity, occupation, education levels, dwelling information, 
method of travel, computer use and other population characteristics. 
No. Table No. Table Title Table Type (Unit) 
1 B03 Age by Sex Persons 
2 B04 Age by Registered Marital Status by Sex Persons aged 15 years and over 
3 B06 Birthplace (Countries) by Sex Persons 
4 B07 Birthplace (Regions) by Sex Persons 
5 B08 Language Spoken at Home by Sex Persons 
6 B09 Proficiency in Spoken English by Year of Arrival in Australia 
Persons born overseas (excluding 
overseas visitors) 
7 B10 Religious Affiliation by Sex Persons 
8 B11 Type of Educational Institution Attending By Sex Persons 
9 B13 Weekly Individual Income by Age by Sex Persons aged 15 years and over 
10 B14 Relationship in Household by Age by Sex 
Persons in occupied private 
dwellings 
11 B16 Internet Use by Sex Persons 
12 B17 Family Type 
Families and Persons in families 
in occupied private dwellings 
(excluding overseas visitors) 
13 B18 Dwelling Structure 
Private dwellings and Persons in 
occupied private dwellings 
(excluding overseas visitors) 
14 B19 Dwelling Structure by Tenure Type and Landlord Type Occupied private dwellings 
15 B20 Monthly Housing Loan Repayment 
Occupied private dwellings being 
purchased 
16 B22 Selected Characteristics  Persons (excluding overseas visitors) 
17 B23 Level of Education by Sex Persons aged 15 years and over (excluding overseas visitors) 
18 B24 Field of Study by Sex Persons aged 15 years and over (excluding overseas visitors) 
19 B26 Industry by Age by Sex Employed persons (excluding overseas visitors) 
20 B27 Occupation by Age by Sex Employed persons (excluding overseas visitors) 
21 B29 Number of Motor Vehicles and Motorbikes Occupied private dwellings 
22 B30 Weekly Family Income by Family Type 
Families in occupied private 
dwellings 
Table 5.2: Tables used from 2001 census (Source: ABS, 2001) 
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Based on the literature review and from the studies identified in chapter 4 
regarding factors contributing to water consumption, data from 22 tables were 
considered appropriate to be included in the analysis. The selected tables were 
studied and various attributes or fields of the tables were extracted. The 
attributes extracted were considered to have a potential influence on water use.  
The list of the tables used from the 2001 census can be seen in table 5.2.  
The table 5.2 contains 22 census datasets from which 194 different types of 
socio-demographic attributes or variables are extracted. The attribute data from 
different tables were summarised to form common or general fields. The 
complete list of all the fields or variables originally extracted and the final set of 
variables used in the analysis can be seen in appendix 2. Some of the variables 
which have been extracted and used in the analysis can be seen in table 5.3. 
The Business data for the relevant postcodes were also extracted from the 
Australian Bureau of Statistics Business Register provided by ‘Insite Data 
Solutions’. 
CODE VARIABLE TABLE SPLIT TABLE
Business Counts Number of business Business dataset  
Distance From GPO Distance from GPO in km ABS Spatial dataset  
Postcode area Postcode area in square km ABS Spatial dataset  
Dwell_Density Dwellings per square km B18 & ABS dataset  
Male Total Persons, Male B01  
Female Total Persons, Female B01  
AGED_0_14 Total 10-14,Persons B03  
OVERSEAS_V Overseas visitors, Persons B03  
TOTAL_MARR Total, Married Persons B04  
TOTAL_NEVE Total, Never married Persons B04  
SOUTH_EAST South-East Asia: Total, Persons by Birthplace B07  
P_LONE_PER Persons, Lone person, Total B14 B 
SEPARATE_H Separate House, Dwellings B18  
TOTAL_FULL Total, Fully owned B19  
TOTAL_RENT Total, Rented: Total B19  
PERSONS_TO_WORK Total, Employed Persons B22  
PERSONS_UN Unemployed, Persons B22  
PERS_POGR Postgraduate Degree, Persons B23  
P_MNGRS Persons: Managers and Administrators, Total B27 A 
Table 5.3: List of some variables extracted from the 2001 census tables.  
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Other demographic data like distance from GPO, number of lots per postcode 
and postcode area were extracted from the ABS mapping files using GIS. The 
distance of a postcode from the GPO was calculated by initially geocoding the 
GPO and then creating multiple buffer rings around it every 5 kilometres. The 
postcode layer was clipped and the postcodes within each buffer were 
extracted. The extracted postcodes were assigned with respective distance 
attributes. To calculate the number, lots or properties per postcode the property 
layer was joined based on spatial location with the postcode layer. The resultant 
output table was summarised and exported to obtain the lot counts. 
5.5 Analysis Data  
The combined water consumption dataset, the selected socio-demographic 
variables and the attributes extracted from the spatial database were joined 
together to create a new database. This was accomplished by creating 
relationships within Microsoft Access and executing queries. The data was 
joined using the postcode attribute which is common for all the datasets. Figure 
5.5 shows a flow chart of the various steps adopted to obtain the final analysis 
data. The joined data was exported and then imported into SPSS V13 for 
analysis. 
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Figure 5.9: Flowchart describing the steps adopted to create the analysis 
dataset. 
5.6 Analysis of Spatial Patterns 
Spatial analysis is a powerful tool in understanding spatial clustering of a given 
sample. In this study Moran’s I technique is used to identify statistically 
significant clusters based on water consumption. Moran’s I is a spatial statistical 
method to find spatial correlation using attribute data (O’Sullivan and Unwin, 
2003). Here each postcode refers to a water consumption value. According to 
Haining (2003) Moran’s I is a weighted correlation coefficient that is used to 
establish whether neighbouring areas are more similar than would be expected 
under the null hypothesis. In this study Moran’s I is used to find where there are 
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statistically significant clusters of high or low water consumption on a postcode 
level. The results of the analysis can be seen in figure 5.10. 
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Figure 5.10: The map shows the Moran’s I statistic for water consumption. 
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From Figure 5.10 it can be see that there is significant clustering among 
different postcodes. Postcodes with a high value for Moran's I are surrounded 
by postcodes with similarly high or low values. This represents that the Moran's 
I value for a particular postcode is higher than the mean and the values of 
neighbouring postcodes are also higher than the mean, or that the Moran's I 
value for a particular postcode is lower than the mean and the values of 
neighbouring postcodes are also lower than the mean. This indicates that 
postcodes with a low value for Moran’s I are surrounded by postcodes with 
dissimilar values. The clustering in the western suburbs has a high value which 
means they are surrounded by suburbs having significantly similar water 
consumption patterns. The south eastern cluster has a medium value which 
means they are surrounded by suburbs having comparable water consumption 
patterns. The clusters with low Moran’s value are surrounded by suburbs with 
significantly dissimilar water consumption patterns. The clustering of the 
postcodes does not indicate if water consumption is high or low among the 
various clusters; it indicates the similarity or dissimilarity among them. 
5.7 Summary 
In this chapter the study area of Greater Melbourne was discussed. The water 
situation in Melbourne was examined and the campaigns initiated by the state 
government were discussed. The water use data obtained from the different 
water retailers was examined. The different socio-demographic data of 
Metropolitan Melbourne was extracted from the ABS 2001 census. Spatial 
clustering among postcodes were established using Moran’s I statistic. These 
datasets were combined together on a postcode level to obtain the analysis 
data. In the next chapter the multivariate analysis procedure is described in 
detail starting from data testing to factor and regression analysis. 
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CHAPTER 6 
MULTIVARIATE DATA ANALYSIS   
 
6.1 Introduction 
In chapter 5 the water situation in Metropolitan Melbourne was examined and 
some of the water campaigns adopted by the Victorian Government were 
discussed. The various datasets obtained from the water authorities and the 
ABS 2001 census data was combined to create the analysis data. In this 
chapter the multivariate techniques of factor and regression analysis adopted 
are briefly explained. The multivariate analysis methodology adopted to 
understand the relationship between water consumption and the various socio-
demographic variables are explained step by step. Beginning with 
understanding the data then data testing, the procedure for factor and 
regression analysis and in the end model testing will be discussed. The outputs 
or results achieved during different stages of the multivariate analysis are 
explained in this chapter. 
6.2 Methodology 
To determine the relationship between the various socio-demographic factors 
and water consumption, multivariate analysis techniques like factor analysis and 
multiple regressions were used. It was considered important to use multivariate 
analysis to study the problem, because it can examine multiple levels of a given 
problem. Hair (1995) reported that “unless a problem is treated as a multivariate 
problem, it is treated superficially”. Multivariate analysis can be defined as a 
statistical method that analyses simultaneously multiple associations or 
measurements on each variable under investigation (Hair, 1995). 
There are around 11 different types of multivariate analysis techniques used to 
understand various types of relationships. In this study factor analysis and 
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multiple regression analysis techniques are used to identify potential 
relationships between water consumption and various socio-demographic 
characteristics in the Metropolitan Melbourne area. Factor analysis is an 
exploratory statistical approach or multivariate technique which can be used to 
analyse and determine the interrelationships between large numbers of 
variables (Hair, 1995). Regression analysis is a predictive approach. It is a 
statistical method to predict the changes in the dependent variable based on 
several independent variables (Hair, 1995). 
 6.3 Process Definition 
The multivariate analysis techniques of factor analysis and multiple regressions 
are used to explain the potential relationships between the different 
independent and dependent variables.  The data prerequisites and procedure 
required to successfully apply factor and regression analysis is discussed 
below. 
6.3.1 Factor Analysis 
Factor analysis is a method for recognising clusters of variables that relate to 
each other (Field, 2005). Factor analysis defines the factor, which is the 
underlying inter-relationship or correlation between a set of variables (Hair, 
1995). Factor analysis generates factors which describe the extent of inter-
relationships between a set of variables. The variable loadings on each factor 
are the correlation coefficients. The output also shows the variance explained 
by each factor score. This factor score can be used in regression analysis 
(Field, 2005). 
For running the factor analysis initially, the data is checked for its size and 
number of variables accordingly. The factor analysis is run using principal 
component analysis and the output that is obtained is tested for its validity. The 
correlation matrix and the descriptive statistics of the result are checked to meet 
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the Kaiser-Meyer-Olkin (KMO) and Bartlett’s test. The KMO test is a method to 
determine sampling adequacy. The KMO value varies from 0 to 1 and a value 
nearer to 1 is better (Field, 2005). A KMO value of .5 is considered as a cut-off 
for the analysis to be reliable. Factor scores are extracted based on their 
eigenvalues and communalities (Hair, 1995).   
6.3.2 Multiple Regression Analysis 
Multiple Regression analysis is a method used to measure the relationship 
between a single dependent variable and multiple independent variables 
(Tabachnick, 1995).  Regression analysis uses the principle of least squares to 
calculate the relationship between one dependent variable and several 
independent variables (Hair, 1995).  The main objective of multiple regression is 
to predict an outcome or dependent variable from multiple predictor or 
independent variables (Field, 2005). 
For a regression analysis to be successful the data should meet several 
assumptions. The data should have appropriate ratio of variables to sample 
size, any outliers should be excluded, multicollinearity should be removed and 
the data should meet the conditions of normality, linearity and homoscedasticity. 
Outliers are those data values that are extremely different from the rest of the 
values within any variable (Tabachnick, 1995). Outliers tend to alter the results 
by causing changes in the mean and standard deviation. Multicollinearity is the 
interrelationship between the different independent variables where high 
multicollinearity means the variables are highly correlated with each other 
(Tabachnick, 1996). The data is said to be homoscedastic if variance or residual 
appears constant among a range of predictor variables during linear regression 
(Hair, 1995).  Once the regression is successfully executed the output is a 
model which predicts the change in the dependent variable. The regression 
result can be represented as a model plus the error factor (Y intercept), as seen 
below. 
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Output = Model + error   (Field, 2005)    or 
Y’ = B1X1+B2X2+B3X3+……. +BnXn + A  (Tabachnick, 1995) 
Where Y’ is the predicted dependent variable, X1…Xn are the independent 
variables, B1…Bn are the coefficients of the independent variables and A is the 
Y intercept or residual error. 
6.4 Analysis Procedure 
Water consumption data during the years 2000-2001 and 2004-2005 were used 
as dependent variables and the various socio-demographic data were used as 
independent variables in the multivariate analysis. The multivariate analysis was 
done in four steps.  
Initially the water consumption data and the various socio-demographic data 
were tested to meet the basic assumptions of factor and multiple regression 
analysis. In the second step, factor analysis was executed to determine or 
identify the interrelationships between the variables. Once the variables of 
significant influence were identified the analysis proceeded to the third step. In 
the third step regression analysis was used to quantify and predict the influence 
of the various independent socio-demographic variables on water consumption. 
Finally the regression equation or a model based on water consumption and 
socio-demographic variables was obtained. In the fourth step the regression 
model was tested for its validity. This methodology is explained using in the flow 
chart in Figure 6.1. In this figure the entire methodology is described. 
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Figure 6.1: Flowchart shows the four different steps of analysis procedure. 
Once the data assumptions were checked the factor analysis was executed. 
The influential variables were identified from the factor analysis results. This 
was used in the regression analysis to obtain the regression model, which was 
finally tested. 
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6.5 Step 1: Data Testing 
 The entire data set was tested to meet the assumptions of multivariate 
analysis. To start with, the entire data was joined together into a single table. 
The data was checked for its accuracy by making sure the data was linked to 
the relevant postcode field and in proper format or units. Tabachnick (1995) 
recommends that the data should be checked for their potential theoretical 
relationships to obtain favourable and proper results. Next the data was tested 
to see if it was missing any values it was essential to check any missing data 
and the pattern of any missing data as it affects the generalisability of the output 
(Tabachnick, 1995). SPSS totally excludes rows of data which have missing 
values from the multivariate analysis (Field, 2005). The data was tested for 
outliers, normality, linearity and homoscedasticity. 
? Outliers: The data was then checked for the presence of any outliers. 
According to Field (2005) outliers are those values which have extremely 
high or low values when compared to entire sample. Outliers tend to 
deviate the mean and standard deviation. The percentage of missing 
data and the presence of outliers can be identified in SPSS by using Box 
Plots. For example, in the dataset the postcode of Dandenong had high 
water consumption when compared to the other postcodes and similarly 
the CBD had high business counts, so they were identified as outliers 
and removed from the analysis. Similarly outliers for different variables 
were identified and removed.  
? Normality: In multivariate analysis the fundamental assumption is that 
the dataset should be normal (Tabachnick, 1995). The normality of the 
data is tested by plotting histograms and by doing the Kolmogorov-
Smirnov test (Field, 2005). This test will find the significance of the 
dataset by comparing the distribution of the sample against a normal 
distribution. The variables when tested individually failed the normality 
test but when tested as a group passed the normality test.  
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? Homoscedasticity: Next the data was checked if it met the assumption 
of homogeneity.  Homoscedasticity of the dataset was tested by the 
Levene test, in the test result if the significance or p ≤ .05 then the 
assumption of homogeneity is not met and if p >.05 then the assumption 
of homogeneity is met (Field, 2005).  
? Linearity: For factor and multiple regression analysis which are based 
on correlation methods the assumption of linearity is important, this is 
because correlations only explain the linear relationship between 
variables in a dataset (Tabachnick, 1995). The linearity of the dataset 
was checked by plotting scatterplots in SPSS. By examining the 
distribution outline of the scatterplots the linearity of the dataset was 
understood (Tabachnick, 1995). This test found that the dataset met the 
assumption of linearity. 
6.5.1 Data Testing Results  
Initially the data accuracy results showed that the data was good, the data was 
cleaned and the missing values were removed. The raw data was originally 
used in the analysis but the results showed that variables with higher population 
counts or numbers had more influence towards water consumption which is 
obvious, as it is assumed that water consumption increases with population 
growth. So the actual effects of individual variables were not known. To solve 
this issue the percentage of each variable was calculated and used in the 
analysis. For example, instead of using the number of persons in each age 
group, employment type, region of birthplace the percentage of each category 
was calculated on a postcode level.  
The results of the boxplots identified the outliers present in data set.  All the 
different variables including water use was tested. The results of some of the 
variables are shown below. 
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Chart 6.1: Boxplot shows the outliers among some socio-demographic 
variables. 
Chart 6.1 shows the outliers in the dataset. The numbers on the chart represent 
the different cases or postcodes. The thick dark line in the middle of the box is 
the median for each dataset. The box represents 50 percent of the data. The 
top and bottom “T” represent the top and bottom 25 percent of the data and the 
samples that are outside this graph are the outliers (Field, 2005). For business 
counts sample 1 and sample 147 are very high when compared the remaining 
samples in business counts. Sample 1 is Melbourne CBD and sample 147 is 
Dandenong. For the variable distance from GPO, there are no outliers. Similarly 
for separate dwellings data, sample 125 and sample 14 are extreme, namely 
Glen Waverley and St Albans. For the variable flat, sample 153, 116 and 154 
are high, namely St Kilda, South Yarra and Balaclava.  This test was applied to 
all the socio-demographic variables. 
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Chart 6.2: Boxplot shows the outliers in the water consumption data set from 
2000-2005. 
From Chart 6.2 the outliers present in water consumption are located. For the 
2000-01 data sample 147, 120 and 18 are high. In the 2002-02 water use data 
sample 147, 1 and 18 are similarly high. From Chart 6.2 it can be seen that 
sample 147, 120, 18 and 1 are the most common outliers, namely Dandenong, 
Caulfield East, Altona North and Melbourne CBD. Outliers like Dandenong and 
Melbourne CBD have appeared in the water use and business counts data and 
this will influence the final results. Thus the main outliers of high influence and 
those occurring regularly were identified and removed from the sample.                
Next the sample was tested for normality by plotting histograms and by 
performing the Kolmogorov-Smirnov test (Field, 2005). The histogram of water 
consumption during the 2000 to 2001 period is shown in Chart 6.3. In this chart 
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the normal curve is displayed along with the histogram, to depict the normality 
of the water use data during the year 2000 to 2001. 
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Chart 6.3: Histogram showing the non normality of the water consumption data 
during 2000-2001. 
The histogram shows that water consumption data for the year 2000-01 is not 
normal but is skewed. It can be seen that there are more postcodes with less 
water use and only a few postcodes have very high water consumption. The 
2000 to 2001 dataset is positively skewed. The can be verified by observing the 
Skewness and Kurtosis values in the data statistics table of the output. A 
portion of the table can be seen in Table 6.1. 
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Table 6.1: Table shows the Skewness and Kurtosis values of water use data. 
From Table 6.1 the Skewness and Kurtosis values for the different water use 
data is positive, which means the datasets are positively skewed.  
The normality test using the Kolmogorov-Smirnov test and the homoscedasticity 
test resulted in an error, so it was decided to run the analysis and check the 
results for assumptions. The scatterplot and histogram generated in SPSS 
during regression analysis helped to check the assumptions of variables as a 
group. 
6.6 Step 2: Factor Analysis 
Factor analysis was executed using principal component analysis against water 
consumption (dependent variable) and the various socio-demographic data 
(independent variables). The factor analysis was initially unsuccessful. This was 
due to the small sample size and large number of variables. The total sample 
size for the analysis was around 250 and there were 194 independent variables. 
According to Hair (1995) for factor analysis to be successful the minimum 
sample size should be 100, and 300 was a good sample size. The test sample 
size of 250 is therefore considered acceptable. Generally the rule is that there 
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should be a minimum of 5 cases for each variable and the ratio of observations 
to variables should be at least ten to one for the factor analysis to be acceptable 
(Hair, 1995). Hair (1995) also suggested that one should try to obtain maximum 
number of cases for each variable to avoid the chances of “overfitting” the data.   
But the test sample had many independent variables and to minimise the error 
a certain number independent variables had to be removed. For example the 
socio-demographic variables, based on country of origin were initially used in 
the analysis. This consisted of 31 different variables, one for each country. 
These variables were removed and the variables based on region of origin were 
used. This only consisted of 4 different variables. Some of the variables were 
grouped together based on similarities into new distinctive variables. For 
example, South East Asians, North East Asians, Southern and Central Asian 
were combined together to form a single variable Asians. 
Using a smaller number of variables the factor analysis was run again. The 
result was successful, but need improvement. This was because the KMO value 
was .6 and a value closer to 1 was more reliable. The correlation of each 
variable was studied by examining the component score coefficient matrix. The 
variables which had less correlation in the factor analysis component score 
matrix were removed to obtain better factor analysis results and at the same 
time improve the ratio of variables to sample size. Factor analysis was executed 
repeatedly on a step by step basis and each time the total variance explained 
by all the variables was studied by checking the factor scores. This process 
helped to eliminate the redundant and less significant variables. 
The repeated execution of factor analysis improved the Kaiser-Meyer-Olkin 
measure of sampling adequacy and Bartlett’s Test. According to Field (2005) a 
KMO score of .7 to .8 is good score. Once favourable results were obtained the 
factors were extracted. The number of factors to be extracted was based on the 
percentage of variance and communalities, and the point of inflexion in the 
scree plot. The factor component matrix explains the influence of each of the 
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socio-demographic variables against water consumption. Finally the factor 
scores were extracted and this can be used in regression analysis. The factor 
scores were also checked for their consistency by using rotation techniques. 
The independent variables that outline the factor scores were used in the 
regression analysis to determine their exact relationship and to create a model. 
6.6.1 Preliminary results 
 
Variables Mean Std. Deviation Analysis N 
Dwelling Density Sqkm 640.68 644.87 235 
Business Counts 770.35 684.05 235 
Distance from GPO km 29.00 19.05 235 
2004_05ML 1371.27 1024.88 235 
Total Families 26.33 2.80 235 
Separate Dwellings 3524.23 3012.40 235 
Semi detached Dwellings 514.08 624.96 235 
Flats 676.84 1107.99 235 
Unemployed 2.97 1.10 235 
High Qualification 1.80 1.54 235 
Less Qualification 11.56 3.10 235 
Income 10K- 20.46 3.75 235 
Income 50K+ 9.98 5.15 235 
Owners 26.21 4.40 235 
Renters 8.71 5.87 235 
 
Table 6.2: Table shows the descriptive statistics of the factor analysis output. 
The initial output generated by SPSS are the descriptive statistics and can be 
seen in table 6.2.This table shows the basic statistics like mean, standard 
deviation and the sample size in “Analysis N” column. The variables used in the 
factor analysis are in the first column, they are the water use data for the year 
2004-2005 and the variables like separate dwellings, semi detached dwellings, 
flats, unemployed, high qualification, less qualification, income less than 
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$10,000, income over $50,000, owners and renters. The water use data was 
used to identify the variables that load on to them. 
 
Table 6.3: Table shows a section of the correlation matrix of the factor analysis 
output. 
The correlation matrix in table 6.3 is divided into two parts, the top part 
represents the Pearson correlation coefficient and it shows the relationship 
among the variables. Field (2005) suggests looking for values greater than 0.9 
which indicate high correlation and values less than .05 indicate no relation. The 
determinant value of the matrix, at the right bottom shows the multicollinearity. 
A value bigger than .00001 indicates no multicollinearity but the result is less 
than this (7.87E-008), the result is multicollinear. This is because the different 
types of dwelling data are correlated, and high qualification data is correlated 
with income over $50,000. 
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Table 6.4: Table shows the KMO and Bartlett’s Test of the factor analysis 
output. 
The KMO and Bartlett’s test is important for the result to be successful. The 
Kaiser-Meyer-Olkin measure of sampling adequacy was .825 and the 
significance for Bartlett’s Test of Sphericity is less than .05 in table 6.4: this 
shows that the result is very good. Field (2005) suggests that a KMO score of .7 
to .8 is good score. The KMO values for the individual variables can be checked 
in the anti-image matrix in table 6.5. Variables having KMO values less than .5 
were excluded to improve the results. In the final result all values are above .5, 
a section of the result can be seen in table 6.5. Table 6.5 is divided into two 
parts , the top part contains the anti-image covariance matrix and the bottom 
part contains the anti-image correlation matrix. The values to look out for in 
table 6.5 are in the bottom anti-image correlation section and have “a” as a 
superscript. 
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Table 6.5: Table shows a section of the anti-image matrix of the factor analysis 
output. 
6.6.2 Factor Extraction 
 
Table 6.6: Table shows the communalities of the factor analysis output. 
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The number of Factors extracted was based on the communalities and scree 
plot. The SPSS default option for factor extraction is accepted if there are less 
than thirty variables and the average of the communalities is greater than or 
equal to .6 (Field, 2005). In the reproduced correlations table the percentage of 
‘non-redundant residuals with absolute values >.05’ was only 15 percent, below 
the 50 percent mark for the output to be valid (Field, 2005).  Table 6.6 shows 
the communalities for the output. The communalities show a very good 
extraction value. For business counts the common variance is 74.7 percent, for 
water use (2004-05) the variance is 86.8 percent and similarly the remaining 
variables have high common variance. The average variance is .77 and there 
are less than thirty variables, so the SPSS default option for factor extraction 
was adopted. 
 
Table 6.7: Table shows the total variance explained for the factor analysis 
output. 
From Table 6.7 factor 1 explains 45.1 percent of the total variance and factor 2 
explains 19.5 percent of the total variance. Only three factors have been 
extracted by SPSS. Looking at the left end of the table the variance after 
rotation is explained. Factor 1 initially explained 45.1 percent but after rotation it 
explained only 40.7, similarly factor 2 and 3 have changed from 19.5 to 19.4 
percent and 12.8 to 17.4 percent respectively. The cumulative variance of the 
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three factors is 77.5 percent of the total variance. The significance of these 
factors are explained in the next chapter. 
The eigenvalues of the three factors can also be seen in the scree plot. The 
scree plot for the output is shown in chart 6.4. Before factor 3 there is an abrupt 
drop in the curve and then the difference is minimal and the curve flattens out. 
From this it can be inferred that factor 3 is the point of inflection and the first 
three factors give the best explanation for the variance. 
 
Chart 6.4: Graph shows the scree plot for the factor analysis output. 
The rotated component matrix using orthogonal rotation is used to interpret the 
results of the factor analysis. In the component matrix, or the unrotated matrix, 
most variables are highly loaded on to the first two factors, so they explain more 
variance. But in the rotated component matrix in table 6.8, the loadings of each 
variable on the factors are clearly visible and this is used for interpreting the 
results or relationships. In this table loadings less than .2 are not displayed or 
are hidden, this is based on Stevens (1992) rule which recommends that for a 
sample of 300 records values greater than .364 are significant. The variables 
are arranged in the descending order of their factor loadings.  
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Table 6.8: Table shows the rotated component matrix of the factor analysis 
output. 
6.6.3 Factor Scores 
The factor scores are used to generate factor values for each sample or record. 
The three factors extracted namely water use (factor 2), city population (factor 
1) and a privileged population (factor 3) are evaluated and the influential 
variables are identified. These are then added to the dataset to be used in 
regression analysis. The component score coefficient matrix shown in table 6.9 
is used to generate the factor values for each postcode. These coefficients are 
generated using the Anderson-Rubin Method, so as to obtain uncorrelated 
factor scores to avoid the problem of multicollinearity when used in regression 
analysis. The complete results of the factor analysis can be seen in appendix 3. 
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Table 6.9: Table shows the Component Score Coefficient Matrix for the factor 
analysis output. 
6.7 Step 3: Regression Analysis 
Based on the factor analysis results, the appropriate socio-demographic 
variables of influence were selected and extracted. The extracted socio-
demographic variables or predictors were used in the regression analysis to 
quantify their relationship with water consumption. The different predictors 
included in the regression analysis should be chosen carefully as they have a 
great impact on the model. The variables or predictors selected for the 
regression analysis should be based on past research or statistical tests (Field, 
2005). To start with, the entry method of regression was used for the analysis, 
where all the chosen variables were entered simultaneously into the model. 
Field (2005) suggested the use of entry method when the independent variables 
chosen are based on sound theoretical reason, but also recommended the 
stepwise method of regression where the predictor variables are entered into 
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the model individually depending on their mathematical significance. The 
analysis was also done using the stepwise method of regression. The initial 
results of the regression analysis had high multicollinearity. The various 
predictors were analysed for their interrelationships or multicollinearity using 
their collinearity diagnostics and checking their variance inflation factor (VIF) 
and tolerance statistics. 
According to Field (2005) for a good model the VIF values should be less than 
10 and the average of these values should be close to 1. The tolerance 
statistics for a good model should be above .2, and never below .1 which 
means there is a serious problem in the model (Menard, 1995). Using these 
rules the predictors or variables of high multicollinearity were identified by 
examining the collinearity statistics. This was achieved through repeated 
regression analysis using different variable groups. The regression was run 
again using different methods on the different sets of variables to obtain a 
suitable model. The resulting model fit was checked by the R square value, 
adjusted R square, significant F change and the Durbin-Watson value. The R 
square and adjusted R square represents the amount of variance explained, the 
significant F change tell the change in R2 value and the Durbin-Watson statistic 
is an assumption that the errors in regression are independent (Field, 2005).   
For a good model the R square should be above 0.5 so that it represents at 
least 50 percent of the variation, the significant F change in R square should be 
less than .05 and the Durbin-Watson statistic should be around 2 or between 1 
and 3 (Field, 2005). The final model summary was good as a result of repeated 
regression and satisfied the various requirements for a good fit. 
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6.7.1 Regression Output  
 
Table 6.10: Table shows the model summary for the regression analysis output. 
The regression results were obtained using the entry and stepwise method of 
regression. The variables used in the analysis were based on past research and 
the factor analysis findings. Initially many variables were entered into the model 
but through the process of refining the model many variables were excluded 
and re-entered to obtain the final result or model. Table 6.10 shows the R, R 
square, adjusted R square, the significant F change (Sig. F Change) and the 
Durbin-Watson statistic. The R, R square, adjusted R square, the significant F 
change (Sig. F Change) and the Durbin-Watson statistic values are .913, .833, 
.830, .000 and 1.769 respectively. This shows that the resultant model is good. 
 
Table 6.11: Table shows the correlations matrix for the regression analysis 
output. 
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The top section of the correlations matrix in table 6.11 shows the Pearson 
Correlation for different variables, it can be seen that none of the variables are 
highly associated. Field (2005) recommended that R values > .9 indicated 
multicollinearity; here all variables meet the required criteria. A separate 
dwelling has an R value of .837 and Sig less than .001, so it is likely to be the 
best predictor for water consumption. The second and third section shows the 
significance of each variable and the sample size respectively. The sample size 
was reduced from 247 in the factor analysis to 235 after the removal of outliers 
identified during case summaries of previous regression test of the same 
dataset. The number of variables was also drastically reduced due to the high 
collinearity among the variables. The young and middle age group variable was 
related to the school and university variable. High qualification, high income and 
postgraduates had increased collinearity. Therefore such variables were 
eliminated from the regression; this was done on a step by step basis by 
running the analysis and examining the output and re-running the regression to 
finally obtain the suitable model. The final model was evaluated against the 
various criteria and has reasonable precision. 
6.7.2 Regression Model 
 
 
Table 6.12: Table shows the model summary (Enter) for the regression analysis 
output. 
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Table 6.13: Table shows the model summary (Stepwise) for the regression 
analysis output. 
The resultant model summary obtained using the entry and stepwise method is 
shown in Table 6.12 and 6.13. The final result is the same, so the model is 
consistent. Stepwise regression works by first selecting variables with the 
highest variance or in other words variables that have a higher influence on 
water consumption.  In table 6.13 the R square value for model 1 is .7 and 
separate dwelling is the only predictor variable, which indicates that separate 
dwelling accounts for 70 percent of the variance in water use. In model 2 the 
predictor variables are separate dwelling and business counts. Here the R2 is 
increased to 79.6 percent, so business counts accounts for 9.6 percent of the 
variance in water use. The final model 3 has an R2 of .833 which means it 
explains 83.3 percent of the variance in water consumption. In the third model 
less qualification accounts for 3.7 percent of the variance in water use. In the 
change statistics section of the model summary of table 6.12 and 6.13 the Sig. 
F change is less than .05 which means the model is a significant fit of the 
overall data. Model 3 has a Durbin-Watson value of 1.769 which means the 
assumption that the errors in regression are independent is met. Field (2005) 
suggests a Durbin-Watson value between 1 and 3 or close to 2 as excellent.  
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Table 6.14: Table shows the first part of the model coefficients for the 
regression analysis. 
The results of the enter method were used as the final results as they were the 
same as model 3 in the stepwise method, this was considered easy to interpret 
and to avoid confusion. Based on the regression equation in chapter 5 the 
resultant model for water use can be explained from the table 6.14, in the 
equation below. 
Water use = b0 + b1 separate dwellings + b2 business counts + b3 semi 
detached dwellings + b4 distance from GPO + b5 less qualification 
Where the bi values can be found in the column B of table 6.14 and b0 = 1087.9, 
b1 = 0.233, b2 = 0.405, b3 = 0.033, b4 = 0.487 and b5 = 70.68. So the equation 
can be rewritten as follows –  
Water Use = 1087.9 + (0.233 separate dwellings) + (0.405 business counts) - 
(0.033 semi detached dwellings) - (0.487 distance from GPO) - (70.68 less 
qualification) 
Or 
Water Consumption = 1087.9 + (0.233 SD) + (0.405 BC) - (0.033 SSD) - (0.487 
GPO) - (70.68 LQ) 
 Where, 
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  SD – Separate dwellings 
  BC – Business counts 
SSD – Semi detached dwellings 
  GPO – Distance from GPO 
LQ – Less qualification 
From the above equation, it can be said that those variables with positive 
coefficient values have positive effect or relationship on water consumption and 
those variables with negative coefficient values have a negative relationship on 
water consumption. Therefore with an increase in the number of separate 
dwellings there is an increase in water consumption and with an increase in the 
number of business there is increase in water use. But water consumption 
decreases with an increase in semi detached dwellings, distance from GPO and 
less qualification. The unstandardised beta coefficients are useful as they can 
explain the power of each variable when all other predictors are held constant. 
The complete results of the regression analysis can be seen in appendix 4. 
6.8 Step 4: Model Testing 
Once a suitable model was obtained, it was checked for its validity against the 
basic assumptions of regression analysis and it was also tested for its 
suitability.   
6.8.1 Model Validation  
 
Table 6.15: Table shows the model summary for the regression analysis output. 
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The resultant model in Table 6.15 is checked for the multicollinearity 
significance, existence of any outliers, normality, linearity and homoscedasticity 
conditions. After this the model was generalised and finally validated. To start 
with, the multicollinearity significance was checked and the result was good.  
 
Table 6.16: Table shows the second part of the model coefficients for the 
regression analysis. 
Table 6.16 will help to check the assumption of no multicollinearity.  The 
collinearity statistics part of the table is used to check the variance inflation 
factor (VIF) and tolerance statistics. Bowerman and Connell (1990) suggested 
that for a regression model to be fit the largest VIF should be less than 10 and 
the average of the VIF should not be significantly greater than one. In this 
model clearly all the VIF values are well below 10 and the average of the VIF is 
2.12 which is not significantly greater than one. The tolerance value is also 
above .2 and therefore the result is good.   
Checking for outliers was also important as they tend to cause deviation of the 
model. The next step was to identify the outliers by examining the case wise 
diagnostics in table 6.17. 
Determining an Urban Water Consumption model based on Socio-Demographic Factors 
Chapter 6 – Multivariate Data Analysis                                                                                   121 
 
Table 6.17: Table shows the case wise diagnostics for the regression model. 
The case wise diagnostics shows the residual statistics of the resultant model 
and this helps to identify any extreme cases which may affect the model. The 6 
cases in table 6.17 have high residual values and clearly there is a considerable 
difference between the predicted and actual water consumption. For a good 
model 95 percent of the cases should have standardised residuals between ±2 
and 99 percent between ±2.5 (Field, 2005). In the resultant model 93 percent of 
the standardised residuals for the cases are between ±2 and 97 percent are 
between ±2.5. This shows the model is reasonably correct. The 3 percent of the 
cases (7 cases) with values above ±2.5 can be seen in Table 6.17; these cases 
were investigated further by running a case summary on the regression 
diagnostics.  
The regression diagnostics consist of variables like Cook's Distance, 
Mahalanobis Distance, Centered Leverage Value, Standardized DFFIT, 
Covariance Ratio and Standardized DFbeta values for the model variables. 
These variables are generated by SPSS to check the reliability of the model. 
For a model to be reliable it should not be influenced by individual cases, so a 
set of rules have been put forward by number of statisticians. Cook's Distance 
should be less than 1 and values above this are problematic (Cook & Weisberg, 
1982). Cases with the centered leverage values greater than twice or thrice the 
average leverage are problematic (Field, 2005). Mahalanobis Distance for a 
sample of 100 should be less than 15 (Barnett & Lewis, 1984). The DFbeta 
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values should be less than one for all the cases and their covariance ratios 
should be within the covariance ratio (CVR) top and bottom limits (Field, 2005). 
The average leverage is calculated using the formula –  
(k+1)/n,              
(5+1)/235 = 0.025 
The covariance ratio (CVR) top and bottom limits are calculated using the 
formula –  
  Top Limit = 1 + {3(k+1)/n},  
                                         1 + {3(5+1)/235} = 1.077 
  Bottom Limit = 1 - {3(k+1)/n},   
                         1 - {3(5+1)/235} = 0.92 
Where, 
  K – Number of predictors 
  n – Sample size 
 
Table 6.18: Table shows the case summaries of problematic cases. 
Table 6.18 shows the case summaries for problematic postcodes. The Cook's 
Distance is below 1 for all the cases. The average leverage value is 0.025 or 
0.03 and in the table none of the values are above twice or thrice this value. 
The highest Mahalanobis Distance value is for Moorabbin is below 15 and given 
the fact that the sample size is 235, this result is good.  
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Table 6.19: Table shows the case summaries of problematic cases (cont...). 
Table 6.19 is the remaining section of table 6.18. Table 6.19 shows the various 
DFbeta values for the predictor variables in the model and it can be seen that all 
values are below 1. The top and bottom covariance ratios are 1.077 and 0.92 
respectively. In the last column of table 7.7 it can be seen that all the values are 
below the lower limit 0.92, which is not good. Except for the covariance ratio 
test all other requirements are met, so the model can be considered reasonably 
accurate. 
6.8.2 Regression Plots 
Now, the resultant histogram, normal P-P Plot of regression standardized 
residual and the scatterplot were checked to ensure that the model met the 
assumptions of normality, linearity and homoscedasticity conditions.  
 
 
 
 
 
 
Chart 6.5: The graph shows the histogram for the regression model. 
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The histogram in Chart 6.5 is almost normal and this is represented by the bell 
shape curve drawn by SPSS.  
 
Chart 6.6: The graph shows the normal P-P plot for the regression model. 
 
The regression standardized residual looks normal as there is only a slight 
deviation from the straight line. Therefore the assumption of normality is met. 
 
Chart 6.7: The graph shows the scatterplot for the regression model. 
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In the scatterplot it is important to check the assumption of homoscedasticity 
and linearity. According to Field (2005) if the data points are randomly and 
evenly distributed across the graph it satisfies the assumption of 
homoscedasticity and linearity. In the chart 6.7 the points are randomly spread 
across and slightly dense near zero. Therefore the assumptions have been met. 
6.8.3 Model Generalisation 
The model was generalised by using the water consumption of a different year 
or 2000-01 as a dependent variable against the same predictor variables. The 
resultant model was compared with existing models for any significant 
difference. The initial regression was executed using the 2004-05 water 
consumption variable and the respective model summary can be seen in Table 
6.15. The model obtained by running the regression using the 2000-01 water 
consumption variable can be seen in Table 6.20.  
 
Table 6.20: Table shows the model summary of water use during 2000-01. 
The predictor variables obtained using water consumption during 2000-01 are 
the same as the previous model and this is evident from Table 6.20. They are 
separate dwelling, business counts, semi detached dwellings, distance from 
GPO and less qualification. This shows that the regression equation or the 
model is consistent. The coefficient of the second result was also examined and 
the output can be seen in Table 6.21. 
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Table 6.21: Table shows the model coefficients of water use during 2000-01. 
Based on the Table 7.9 the regression equation for the dependent variable 
2000-01 can be written as – 
Water Consumption (2000-01) = 1217.13 + (0.261 SD) + (0.587 BC) - (0.020 
SSD) - (0.110 GPO) - (81.17 LQ D) 
Water Consumption (2004-05) = 1087.9 + (0.233 SD) + (0.405 BC) - (0.033 
SSD) - (0.487 GPO) - (70.68 LQ) 
 Where, 
  SD – Separate dwellings 
  BC – Business counts 
SSD – Semi detached dwellings 
  GPO – Distance from GPO 
LQ – Less qualification 
The model coefficients have changed when compared to the initial result. The 
constant has changed from 1217.13 for the period 2000-01 to 1087.9 for the 
period 2004-05 .The coefficient for separate dwellings remain unchanged in the 
.2 range. The coefficients for business counts have increased from .4 to .5, 
semi detached dwellings have changed from .03 to .02, distance from GPO 
Determining an Urban Water Consumption model based on Socio-Demographic Factors 
Chapter 6 – Multivariate Data Analysis                                                                                   127 
have changed from .4 to .1 and less qualifications have changed from -70 to -
80.  
6.9 Summary 
In this chapter the methodology adopted to identify the relationship between 
water consumption and the different socio-demographic data of metropolitan 
Melbourne were explained. The results obtained during various stages of the 
analysis and their relevance was discussed in detail. The procedure adopted 
was described on a step by step basis, starting with data testing and following 
with multivariate analysis techniques. In the next chapter the analysis results 
are evaluated and the model is checked for its validity. 
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CHAPTER 7 
MODEL VALIDATION AND EVALUATION 
 
7.1 Introduction 
In chapter 6 the multivariate analysis techniques adopted to evaluate the 
relationship between water consumption and socio-demographic factors were 
explained. The step by step procedure adopted for the analysis was discussed 
in detail. Starting with data testing, the procedure for factor and regression 
analysis and the results or output obtained during these stages were discussed. 
In this chapter an evaluation of the results obtained during the factor analysis 
and the multiple regressions are presented. The regression model is interpreted 
by examining the various parameters of the water consumption model. 
7.2 Analysis Procedure Relevance 
The data analysis was done using a series of steps from data testing to factor 
and regression analysis and finally model testing. The results obtained during 
the analysis process are evaluated here. The data screening procedure helped 
to identify the validity of the data by testing it for its accuracy, the presence of 
outliers and checked for the assumptions of normality, linearity and 
homogeneity. The factor analysis step helped to identify the variables of 
influence on water consumption and exclude the variables which did not have 
any significant impact. The various factors and factor scores gave an 
understanding of the influence of each of the socio-demographic variables and 
helped to classify them into groups based on their inter-relationships.  The 
multivariate regression analysis was done with water consumption as a 
dependent variable and selected socio-demographic factors as independent 
variables, this helped to develop a model for water use. Ultimately the model 
was tested; this helped to validate the model and improved its generalisation.   
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7.3 Variable Identification 
Factor analysis was undertaken repeatedly using principal component analysis 
to arrive at a suitable result. A number of socio-demographic variables were 
removed from the analysis to obtain a correct result that met all the basic 
assumptions. The results of the final factor analysis are discussed here.  
 
Table 7.1: Table shows the rotated component matrix or varimax rotation of the 
factor analysis output. 
All the variables that have high loading on factor 1 indicate a city population. 
The variables included in factor 1 dwelling density, business counts, distance 
from the GPO, semi detached dwellings, flats, unemployed, etc. Semi detached 
dwellings, flats and dwelling density have positive loadings of .619, .750 and 
.829 on factor 1 and business counts have a loading of .383 respectively. 
Distance from the GPO, owner occupied dwellings and families have negative 
loadings of .654, .807 and .870 on factor1. It can be inferred from these 
variables that factor 1 represents a population close to the city where the 
dwelling density is high and most of the dwellings are rented. It means non 
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family people with high qualification and income over $50,000 are living near 
the city. Factor 1 has no relation to water consumption. 
All the variables that have high loading on factor 2 relate to water consumption. 
Factor 2 presents a different picture with separate dwellings having the highest 
loading of .903 followed by business counts with a loading of .772. Distance 
from GPO and less qualification have negative loadings on factor 2. It shows 
that water consumption in Melbourne increases with the increase in number of 
separate dwellings and business counts and decreases when the distance from 
GPO increases and the number of less qualified personnel increases. Factor 2 
corresponds to variables having a high loading on water consumption.  
Factor 3 is also interesting. It has high loadings on a different set of variables. 
Factor 3 consists of variables including income over fifty thousand per annum 
with a loading of .844, highly qualified people with a loading of .591,owner 
occupied dwelling with a loading of .324, unemployment and low income have 
negative loadings of .732 and .815 respectively. This shows that factor 3 
represents qualified people with high income who own their home. Factor 3 
represents a privileged population with a minor negative loading on water 
consumption. 
An oblique rotation was run for the output to check the factor interpretations. 
Oblique rotation is a different type of rotation method where factors are allowed 
to correlate, as opposed to normal rotation where the factors are independent 
(Field, 2005). The oblique rotation consists of two results; the pattern matrix and 
structure matrix. The pattern matrix contains a loading similar to the rotated 
component matrix of the orthogonal or varimax rotation and the structure matrix 
contains the relationship between the factors (Field, 2005).  
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Table 7.2: Table shows the oblique rotation results for the factor analysis 
output. 
The results in Table 7.2 are different from the orthogonal rotation or rotated 
component matrix. Factor 1 in the pattern matrix is the same as Factor 1 in the 
rotated component matrix. It represents a city population and has the same 
variables with comparable loadings. Factor 2 represents a low income 
population with income less than $10,000 and factor 3 represents water 
consumption. Factor 3 is similar to factor 2 in the rotated component matrix and 
contains identical variables with comparable loadings. The pattern matrix is 
favoured for explanation because it represents the unique role of a variable to a 
factor (Field, 2005). The structure matrix shows the relationship between the 
factors. Factor 1 has limited relationship with factor 2 and 3 because the 
variables that load on each of them are different with the exception of few 
variables. But factor 2 and 3 are highly interrelated as similar variables have 
loadings on them which can be clearly seen in the structure matrix of table 7.2. 
The structure matrix shows that high income, good qualification, owner 
occupied dwellings and total families do not have a direct influence on water 
consumption. The main factors influencing water use is the dwelling type, 
business counts and distance from the GPO. 
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7.4 Model Parameters 
The model equation obtained during the regression analysis is examined here. 
From chapter 6, the general model equation can be written as –  
Water Consumption (2004-05) = 1087.9 + (0.233 SD) + (0.405 BC) - (0.033 
SSD) - (0.487 GPO) - (70.68 LQ)……………………………………….….…….. (1) 
Water Consumption (2000-01) = 1217.13 + (0.261 SD) + (0.587 BC) - (0.020 
SSD) - (0.110 GPO) - (81.17 LQ D) …………………………………….……….. (2) 
Where, 
 SD – Separate dwellings 
 BC – Business counts 
SSD – Semi detached dwellings 
 GPO – Distance from GPO 
LQ – Less qualification y 
This equation can be rewritten using the standardised beta coefficients from 
table 6.14 (2004-05) and 6.21(2000-01). The standardised beta coefficients can 
be used along with the standardised predictor variables of the water 
consumption model. 
Water Consumption (2004-05) = (0.68 SD) + (0.27 BC) - (0.02 SSD) - (0.01 
GPO) - (0.21 LQ) ………………………………………………….…………….. (3) 
Water Consumption (2000-01) = (0.63 SD) + (0.32 BC) - (0.010 SSD) - (0.002 
GPO) - (0.20 LQ D) ……………………………………………………….…….. (4) 
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Table 7.3: Table shows the Beta coefficients and derived water consumption 
values. 
The standardised beta coefficient is generated by SPSS. It represents the 
standard deviation of the beta coefficient for each predictor variable. By using 
the standardised beta coefficients of the model the exact effect of each variable 
on water consumption can be identified. In Table 7.3 standardised beta 
coefficients in equation 3 and 4 are multiplied by the standard deviations of the 
respective variables to derive water consumption in megalitres. From these 
equations the following inferences can be made. 
With an increase in the number of separate dwellings, water consumption 
increases. From equation 1 and 2, for every separate dwelling built during the 
2004-05 period water use would increase by .233 units and by .261 units during 
the 2000-01 period. Separate dwellings are measured in numbers and water 
consumption in megalitres (ML). So for every extra separate dwelling built 
during 2004-05 water consumption would increase by .233 ML and by .261 ML 
during 2000-01. From Table 7.3, it can be seen that for 3012 separate dwellings 
built during 2004-05 water consumption would increase by 2,059 ML and during 
2000-01 by 1,892 ML. This explanation is correct only if the effects of other 
variables like business counts, less qualification, owner occupied dwellings and 
dwelling density are kept constant. 
When the number of businesses increases, water use also increases. Business 
counts are measured in numbers and water consumption in megalitres (ML). 
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For every new business, water consumption would increase by .405 ML during 
2004-05 and by .587 ML during 2000-01. So, from Table 7.3 it can be said that 
for every 684 new businesses water consumption would increase by 185 ML 
during 2004-05 and 219 ML during 2000-01.This explanation is correct only if 
the effects of other variables are kept constant. 
There is a negative relationship between water consumption and semi detached 
dwellings. Semi detached dwellings are measured in numbers and water 
consumption in megalitres (ML). Therefore reduction in semi detached 
dwellings would increase water consumption by .033 ML during 2004-05 and by 
.020 ML during 2000-01. From Table 7.3 the standard deviation for semi 
detached dwellings is 624 and this represents 12.76 ML of water during 2004-
05 and 6.22 ML of water during 2000-01.This explanation is correct only if the 
effects of other variables are kept constant. 
A negative relationship exists between water consumption and distance from 
the GPO. Distance from the GPO is measured kilometres and water 
consumption in megalitres (ML). Therefore with a reduction in distance from the 
GPO in kilometres, water consumption would increase by 0.487 ML during 
2004-05 and by .110 ML litres during 2000-01.  The standard deviation for 
distance from the GPO is approximately 19 kilometres and this represents 0.17 
ML of water during 2004-05 and 0.03 ML of water during 2000-01. These values 
can be seen in Table 7.3. This explanation is correct only if the effects of other 
variables are kept constant. 
Less qualification or certificate persons amongst the population has a negative 
relationship with water consumption. Less qualification is measured in 
percentage and water consumption in megalitres (ML). Therefore, one percent 
reduction in less qualified people would increase water consumption by 70.68 
ML during 2004-05 and by 81.17 ML during 2000-01. From Table 7.3, a three 
percent reduction in less qualified people would increase water consumption by 
0.62 ML during 2000-01 and only 0.66 ML during 2004-05. This explanation is 
correct only if the effects of other variables are kept constant. 
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Thus from the regression equation it can be said that for an increase in one unit 
of separate dwellings, business, less qualification, owner occupier and dwelling 
density water consumption would change by 0.233 ML, 0.405 ML, -0.033 ML, -
0.487 ML and -70.68 ML respectively. It can be concluded that separate 
dwellings and businesses have a significant positive impact on water 
consumption. Semi detached dwellings, distance from the GPO, and less 
qualified people also have an effect on water consumption but their impact is 
comparatively smaller and negative. 
7.5 Model Significance 
The influence of each of the model parameters on water consumption was 
understood in the previous section. In this section the model is assessed by 
using the derived water consumption values obtained from the predictive 
variables in the model. The actual values of the predictor variables are 
introduced into the regression equation and multiplied by the model coefficients 
to develop water use on a postcode level. This data set is then joined to the 
spatial dataset or the ABS census boundaries using the postcode field as a 
unique key. As a result a new spatial data set is created with relevant attributes. 
This derived dataset is thematically shaded and plotted on a map using a GIS. 
Similar plots or maps are created for the predictor variables and the original 
water consumption data, these can be visualised in Appendix 5. 
The standardized residual of the water consumption model is the difference 
between the actual and predicted water consumption values. It represents the 
error present in the model. The standardized residual was joined with the spatial 
dataset and thematically plotted on a map to visualise the model error across 
Greater Melbourne. This map can be seen in the next page. 
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Figure 7.1: The map shows the standardized residual of the water consumption 
Model. 
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From the multivariate analysis and the map in Figure 7.1 the influence of socio-
demographic variables on water consumption can be determined. The map 
describes the error or residual in the model. It can be seen that the error is 
minimal in most areas of Greater Melbourne. Postcodes in the south, east and 
west like Red Hill, Box Hill, Clayton and Deer Park have high errors. This may 
be because of the high influence of other variables. Red Hill has many 
agricultural activities, Box Hill is a highly commercial area, Clayton is a 
community hot spot with a major hospital, university and commercial activity 
and Deer Park is a newly developed suburb with a lot of construction activity. 
The model prediction is fairly reasonable in the City West area and Yarra Valley 
water distribution area, but there is considerable amount of deviation in the 
derived values in the south east area, especially in the Mornington Peninsula. 
This is may be due to the large number of agricultural activities in this area. It 
should be noted that two of the main predictors in the model are separate 
dwellings and business counts. The influence of agriculture is not considered in 
this thesis. This explains the reason for the areas or postcodes closer to the 
CBD or high urban areas having a better prediction or minimal error when using 
this model. Thus it can be concluded that the model is quite good for urban 
areas but not perfect. 
By analysing the factor analysis output and the regression model certain 
conclusions can be made. Socio-demographic variables like gender, ethnicity, 
age, income, employment status, job profile, marital status and occupancy type 
do not have any influence on water consumption. Geographic or spatial 
variables like postcode area and number of lots do not have any influence on 
water consumption. 
From the factor analysis socio demographic variables like separate dwellings, 
business counts, semi detached dwellings were identified to have a positive 
loading or influence on water consumption. The variables distance from the 
GPO and less qualification were identified to have a negative loading or 
influence on water consumption.  
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Initially a number of socio-demographic variables were introduced into the 
regression model but only the highly influential variables made their way into the 
model. Separate dwellings and business counts had the major positive 
influence on water consumption. Semi detached dwellings, distance from the 
GPO and less qualified people had a negative effect on water consumption. The 
significance of these variables on water consumption is not high but noteworthy.   
Separate dwellings are independent households with surrounding land or 
garden and this may be the reason why a person living in a separate house 
may consume more water than a person living in a flat or apartment. When 
comparing the water used by separate households during the 2000-01 period 
and the 2004-05 period it can be seen that the water consumption has reduced 
by a small amount per household. This change may be due to the water 
restrictions introduced between these periods and also the Victorian 
Government initiatives.  
Businesses were identified by the model as a major user of water and it was 
found that a business uses nearly 4ML water annually.  Another important 
observation is that people with lower qualifications actually use less water and 
their significance or beta coefficient was reducing when compared to the 
previous years. This means that most people irrespective of qualifications 
obtained are changing their attitudes towards water use and are conserving 
water. Distance from GPO has a higher negative influence on water use or in 
other words as the distance from the GPO increases water consumption 
decreases. This may be because urbanisation increases as distance to the city 
decreases and many businesses operate in close vicinity of the city. The 
dwelling density and population is also higher among postcodes adjacent to the 
city and logically they tend to have higher water consumption. Semi detached 
dwellings has a small negative influence on water consumption or they tend to 
reduce water use because they have smaller area when compared to separate 
dwellings. This reduction in total size and the non availability of open space or 
garden area helps to limit water use. 
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It should be noted that separate dwellings, the number of businesses and semi 
detached dwelling are indirectly related to distance from the GPO. The number 
of separate dwellings increases as the distance from the city increases and the 
number of businesses and semi detached dwelling increases as the distance 
from the city decreases. 
Finally it can be concluded that the number of Separate dwellings are a major 
factor that influence water consumption and it explains 70 percent of the 
variance in the water consumption model. 
7.6 Summary 
In this chapter the multivariate analysis results were interpreted. The results 
obtained during factor analysis was examined and discussed. The regression 
analysis results or the model was tested for its validity and the regression 
equation was explained. In the next chapter the findings of this thesis is 
summarised. The model and the literature studies are reviewed against the 
research objectives and the research limitations are discussed.  
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CHAPTER 8 
CONCLUSIONS 
 
8.1 Introduction 
In Chapter 7 the results obtained during the factor analysis and the multiple 
regressions were reviewed, evaluated and validated. In this chapter the results 
obtained from the factor and regression analysis are summarised. An overview 
of government interventions and its effect on water consumption is undertaken 
based on the literature review. The various limitations of the research are 
discussed here. The possible applications of this thesis and further research 
prospects are explained in this chapter. 
8.2 Review of research findings 
In this section the results obtained during the multivariate analysis are 
summarised. An overview of the water consumption model and its various 
parameters is also undertaken. The effect of the various government 
interventions are also discussed here. 
8.2.1 Water consumption and spatial patterns 
This thesis has found that water consumption in Metropolitan Melbourne has a 
spatial pattern. Water consumption increases as the distance from the city or 
GPO decreases. This was achieved by using multivariate analysis techniques to 
analyse the significance of postcode area, number of lots and distance from the 
GPO on water consumption. These geographic or spatial variables did not have 
a significant influence on water consumption except for distance from GPO 
which appears in the water consumption model. Moran’s I statistic was used to 
determine spatial clusters based on water consumption. The western suburbs 
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had high Moran’s value which suggested they have similar water consumption 
levels. 
8.2.2 Influence of Socio-demographics on water consumption  
This thesis has found that water consumption in Metropolitan Melbourne is 
directly related to five socio-demographic variables. This was achieved by using 
multivariate analysis techniques to analyse 194 socio-demographic variables to 
generate a water consumption model. The water consumption model obtained 
in chapter 6 can be generally written as follows - 
Water use = b0 + b1 separate dwellings + b2 business counts + b3 semi 
detached dwellings + b4 distance from GPO + b5 less qualification 
Where,  
b0 – Represents a constant  
b1-5 – Represents standardised or unstandardised coefficients of the 
predictor variables 
From this model it can be inferred that water consumption is directly related to 
the number of separate dwellings and businesses. It was found that water 
consumption increases with the increase in the number of separate dwellings 
and businesses. Variables like distance from GPO, semi detached dwellings 
and less academically qualified residents were inversely related to water 
consumption. It was found that as the percentage of less qualified or certificate 
persons increased water consumption reduced and its significance has reduced 
from 2000-01 to 2004-05. 
Dube and Van der Zaag (2003) found that water consumption vary between low 
and high income people but this study did not find Income levels to have 
influence on water use which is in line with the research conducted by Zhang 
and Brown (2005).  This study supports Troy and Holloway (2004) research 
which found that separate dwellings recorded higher rates of water consumption 
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than medium density housing. Furthermore this study suggest that qualification 
and ownership has an influence on water use and agrees with the study 
conducted by Campbell, Johnson & Larson (2004) which found that water 
consumption depended on factors like qualifications or education achieved, 
number of persons in a household and type of occupants namely renters and 
owners.  
This thesis also found that other socio-demographic variables like gender, 
ethnic backgrounds, age groups, income level, employment status, job profiles, 
marital status and occupancy type (group or single) did not have any influence 
on water consumption.  
8.2.3 Government Interventions  
This thesis has evaluated government interventions and initiatives and found 
that these actions were successful and it influenced people to conserve water 
and reduce water consumption. The literature review in chapter 3 and 5 
discussed initiatives undertaken both globally and by the Australian 
Government to improve water conservation and reduce water consumption. By 
examining the Victorian Government initiatives carried out during the study 
period between 2000 and 2004, it can be seen that Melbourne’s water 
consumption has reduced by 22 percent since the 1990s. Water consumption in 
Melbourne was reduced by almost 74000 megalitres between 2000 and 2005. 
In chapter 5 the many campaigns initiated by the state government are 
discussed. A summary of the different campaigns discussed in chapter 5 can be 
seen in table 8.1. These campaigns coupled with water restrictions due to the 
drought conditions led to overall reduction in water consumption. In Figure 5.1 it 
can be seen that water restrictions helped to reduce water consumption 
drastically. A table depicting the various water conservation initiatives launched 
during the study period from 2000-05 can be seen below. 
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Table 8.1: Timeline of government water campaigns during 2000-05. 
8.3 Were the research objectives met? 
The main objective of this thesis is to identify the relationship between socio-
demographic factors and water consumption. The research questions defined in 
chapter 1 are as follows –  
1. Does current water consumption show a spatial pattern? (Chapter 5, 6 
and 7) 
2. Is there a socio-demographic influence on water consumption in 
Metropolitan Melbourne? (Chapter 6 and 7) 
3. Do government initiatives have any effect on water consumption? 
(Chapter 5) 
To achieve the main objective the research questions were answered. The 
research study recognised the need to understand the present situation of water 
resources in different types of countries around the world. The global and 
Australian water consumption patterns were discussed in chapter 2. In chapter 
4 the various potential socio-demographic factors were discussed and their 
influences on water consumption based on past studies were understood. 
No. Year Campaign 
1 2000 Don't be a Water Hog 
2 2000 Water Campaign in other languages targeting ethnic communities 
3 2002 Water Smart City 
4 2002 Smart Water Fund 
5 2003 Victorian Water plan – 15% water use reduction by 2010 
6 2004 Our water our future 
7 2005 New permanent water restrictions 
8 2005 Water-efficiency rating and labelling schemes 
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Multivariate analysis techniques were used to analyse the relationships and 
develop a model, this was achieved in chapter 6.  
To meet the first research question or identify the possibility of any geographical 
or spatial relationship with water consumption, a series of spatial variables were 
created for the analysis in chapter 5 and spatial autocorrelation was performed 
using Moran’s I. The variables like number of lots, postcode area and distance 
from GPO were used to answer this question. In chapter 6 the factor analysis 
and regression analysis results showed that distance from GPO is negatively 
related to water consumption. So as the distance from the GPO in Melbourne 
increases water consumption per capita tends to decrease. The postcode area 
and number of lots had no influence on water consumption.  
Five socio-demographic variables out of 194 socio-demographic variables were 
identified to have an influence on water consumption in Metropolitan Melbourne. 
The influence of the number of separate dwellings, number of businesses, 
distance from GPO, semi detached dwellings and less academically qualified 
residents on water consumption is discussed in the review research findings 
section of this chapter and chapter 7. 
To recognize the possible effect of government initiatives on water consumption 
it was considered important to start exploring global initiatives.  In chapter 3 the 
various government interventions introduced on a global level and its relevance 
was discussed. In chapter 5 an evaluation was carried out using various reports 
to identify the various government initiatives introduced in Victoria to conserve 
water and reduce water consumption. This helped to answer the third research 
question which was to identify the effect of government initiatives on water 
consumption. In the review research findings section of this chapter the effect of 
government initiatives on water consumption is discussed. Government 
initiatives did have a positive effect on water consumption and as the authorities 
put forth more measures, water consumption reduced substantially. 
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Therefore it can be seen that the primary research objective of identifying the 
relationship between socio-demographic factors and water consumption has 
been answered by developing a model using various socio-demographic factors 
to estimate water consumption. 
8.4 Research Limitations  
The limitations present in this thesis are discussed in three sections starting 
with the data limitations, before moving to methodological limitations and 
process or model limitations. This research study is based on water 
consumption data obtained from the retail water providers for Greater 
Melbourne. The data obtained from the various sources was converted into a 
common format to be used in the multivariate analysis techniques and to derive 
the water consumption model.  
8.4.1 Data Limitations  
The data obtained was based on postcode district. The postcode comprised of 
a large area and increased as the distance from the GPO increased. Some 
postcodes have large areas consisting of parklands and reserves. Therefore for 
some cases the postcode may be too large and may not accurately represent 
the characteristics of a particular area. Some of the data were excluded from 
the analysis as they were outliers or had extreme values, so the effect or 
influence of these cases is not considered. The socio-demographic data used 
for the analysis is from the ABS 2001 census but the water consumption data 
was for years from 2000-05. The change in the socio-demographic 
characteristics from 2000 to 2005 is not considered and it is assumed to be 
constant. The census data was used because it was the only dataset which had 
all the different socio-demographic information needed for the analysis. The 
water consumption data is the total billed data including water used for median 
strips, parks, industrial etc. The water consumption data obtained from South 
East Water was per capita water use, so this had to be converted to annual 
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data with the help of population estimates. This means that water consumption 
data for the south eastern suburbs are derived and not actual. The model was 
derived based on a small sample size of 250 postcodes. For a similar study a 
larger sample of at least 1000 cases is required to develop an accurate model 
(Field, 2005).  
8.4.2 Methodology Limitations  
The data testing stage was only partially achieved as the normality and the 
homoscedasticity test for individual variables were not successful. This may be 
due to the presence of large number of socio-demographic variables which are 
highly interrelated and the presence of outliers. The factor analysis results also 
had its limitations as it is an exploratory approach. Factor analysis only helped 
to identify the variables that may influence water consumption. The regression 
analysis was successful in identifying the variables influencing water 
consumption. But during the model testing using the case summaries it was 
found that the resultant model had only 93 percent of the standardised residuals 
between ±2 and 97 percent are between ±2.5 standard deviations. For a good 
model 95 percent of the cases should have standardised residuals between ±2 
and 99 percent between ±2.5 (Field, 2005). There were seven cases with 
standardised residual values above 2.5 and six of them above 3. These cases 
had very high residuals which marked a large deviation in the prediction of 
water consumption. The test to find if these problematic cases were within the 
covariance ratio top and bottom limits was not successful. The lower or bottom 
limit for the covariance ratio was 0.92 but the covariance ratios of the 
problematic cases were well below this limit. This means the prediction for 
these postcodes are erroneous. The postcodes which had high residual values 
or error are Deer Park, Coolaroo, Abbotsford, Box Hill, Clayton, Moorabbin and 
Red Hill. In section 7.5 of this thesis it has been explained what might have 
caused errors in these postcodes. 
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8.4.3 Model Limitations  
The model is based on socio-demographic and water consumption information 
for Greater Melbourne. This model has not been tested against water 
consumption from other cities, so the validity of the model for other cities is not 
known. Similarly the key predictors in this model are related to dwellings namely 
separate dwellings and dwelling density and also business counts. So this 
model may not be valid for agricultural areas or postcodes where there are high 
levels of agricultural practices or industrial activity. Therefore the model may 
only be suitable for urban environments. This limitation is also clearly evident in 
the model parameters section of chapter 7 where the standardised residual of 
the water consumption model is plotted on a thematic map. Another limitation is 
that the model may be suitable only for developed countries. In chapter 2 it was 
discussed that there is a significant difference in the socio-economic 
environment and the access to water among developed, developing and 
underdeveloped countries. This in turn affected water consumption. From this it 
can be inferred that this model may not be appropriate for developing and 
underdeveloped countries. 
8.5 Applications of the water consumption model 
This thesis developed a model to estimate water consumption based on socio-
demographic variables. This model can give water engineers and planners 
information regarding the importance of certain socio-demographic 
characteristics and their influence on water consumption. They can 
accommodate these variables in their estimation process to develop better 
water forecasts. For example from the model it is understood that an increase in 
separate dwellings can lead to increase in water use. So by looking at the 
estimated growth for separate dwelling in a particular area one can estimate the 
potential increase in water demand for that area.  
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The model is also suitable for water authorities to identify the potential socio-
demographic groups which tend to consume more water. The water authorities 
can use this information to target such groups by creating new regulations to 
restrict water use, introduce water conservation campaigns specifically targeted 
towards certain groups and improve existing education programmes. For 
example from the model it is understood that owner occupied homes tend to 
conserve more water than renters. So the water authorities can target real 
estate agents or services to provide their tenants with water conservation tips or 
encourage them to practice better water use habits.  
This model can be useful for the government and policy makers. From the 
model it can be seen that separate dwellings and business are the major 
predictor variables as they have a positive influence on water consumption. The 
government can make rain water tanks compulsory for separate dwellings by 
giving more rebates to existing separate home dwellers and even make it 
compulsory for new separate dwellings to have a water reuse system to recycle 
grey water. Business can be asked to adopt better water management practices 
and develop water conservation plans. 
8.6 Recommendations for future research  
A number of areas where further research is necessary were recognised during 
this study. This thesis helps to identify certain socio-demographic variables 
which influence water consumption and their effects on water use. However 
there is a need to obtain more precise results and this can be achieved by 
collecting more water consumption data and increasing the sample size, 
thereby the exact significance of predictor variables can be identified. 
Another study can be conducted to explore the spatial variations in water 
consumption due to physical and dynamic factors, such as topography, rainfall 
patterns, land use, temperature, etc. 
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8.6.1 Smaller polygons can be used to identify specific variables  
This thesis used postcode boundary information to arrive at specific results. But 
the postcode boundary covers a relatively large area and this area may contain 
a general mix of people and usually consists of three or four suburbs. The time 
constraint and the difficulty to obtain water consumption information at a smaller 
level from the relevant authorities was the main reason for selecting the 
postcode boundary as a basic study unit. Smaller boundary information like 
statistical local area (SLA), Census Collection District (CCD) and mesh blocks 
can also be used as a basic study unit from which the relevant water 
consumption and socio-demographic information can be extracted. This 
extracted dataset could be analysed using a similar methodology and the 
results compared. Using such data will over come the limitation of the sample 
size and at the same time facilitate micro analysis of any particular area. 
Furthermore this will lead to the identification of specific variables. 
8.6.2 Comparison studies using different urban data  
In this study the water consumption for different years was studied and similar 
predictor variables or influential socio-demographic variables where identified. 
Another study could be carried out comparing similar water consumption 
information of two different urban areas and likewise influential factors emerging 
from the analysis could be studied. For example, water consumption from 
Sydney, Brisbane and Melbourne on a postcode level can be analysed and the 
results can be compared and evaluated. 
Similarly further research can be done by creating tailor made surveys or 
questionnaires to gather particular socio-demographic information along with 
water usage. This data could then be categorized into certain socio-
demographic profiles and analysed to recognize the potential influence on water 
consumption. 
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8.6.3 Study on business based on ANZSIC categories 
This thesis has identified that business have a positive relationship with water 
consumption and every new business created uses .40 ML of water annually. 
This is a significant amount so further research is required to be carried out to 
find which business type consumes more water. This study could be carried out 
using the Australian and New Zealand standard industrial classification or 
(ANZSIC) categories. There are nineteen divisions or classifications for 
businesses in Australia and the count of each type of division within a postcode, 
SLA or CCD can be obtained from the Australian Bureau of statistics.  This data 
could be analysed with the water use data to find which business division 
consumes the most amount of water. Table 8.3 shows the different types of 
business divisions present in Australia. 
Division Title 
A Agriculture, Forestry and Fishing 
B Mining 
C Manufacturing 
D Electricity, Gas, Water and Waste 
E Construction 
F Wholesale Trade 
G Retail Trade 
H Accommodation and Food Services 
I Transport, Postal and Warehousing 
J Information Media and 
K Financial and Insurance Services 
L Rental, Hiring and Real Estate Services 
M Professional, Scientific and Technical 
N Administrative and Support Services 
O Public Administration and Safety 
P Education and Training 
Q Health Care and Social Assistance 
R Arts and Recreation Services 
S Other Services 
Table 8.2: Business classification types in Australia 2006 (Source: ABS & 
Statistics New Zealand, 2006) 
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8.7 Summary 
In this chapter the research findings or results were discussed and reviewed. 
The influences of the various socio-demographic variables identified in the 
regression model were explained. After reviewing the various government 
initiatives a positive effect on water consumption was found. Furthermore the 
various limitations of the research were explained in this chapter. The possible 
use of the research results and areas of further study were discussed in this 
chapter.
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APPENDIX 1 
City West Water - Total Billed Consumption by Postcode in Megalitres 
Postcode 1996/97 1997/98 1998/99 1999/00 2000/01 2001/02 2002/03 2003/04 2004/05
3000 4,951 6,432 6,649 6,649 6,939 7,072 7,116 7,046 6,867 
3002 948 1,360 1,461 1,461 1,625 1,491 1,574 1,435 1,550 
3003 837 628 601 601 631 584 529 552 525 
3008 220 90 80 80 123 223 250 322 491 
3011 3,587 3,224 3,105 3,105 3,094 2,895 2,738 2,476 2,672 
3012 4,379 4,766 4,862 4,862 5,265 4,301 4,232 4,104 4,414 
3013 3,633 3,757 3,543 3,543 3,802 3,184 3,153 2,745 2,175 
3015 1,983 2,027 2,093 2,093 2,199 1,805 1,837 1,598 1,617 
3016 1,906 1,918 1,988 1,988 2,170 1,992 2,040 1,774 1,559 
3018 5,985 5,594 5,840 5,840 5,764 5,020 5,116 4,776 4,888 
3019 1,053 1,106 1,106 1,106 1,170 1,035 1,091 1,010 1,020 
3020 4,756 4,828 4,625 4,625 4,690 4,178 4,303 3,831 3,734 
3021 5,045 5,243 5,055 5,055 5,178 4,741 4,863 4,333 4,255 
3022 404 424 412 412 438 368 395 335 353 
3023 1,584 1,641 1,605 1,605 1,888 2,324 2,971 2,638 3,048 
3024 676 668 660 660 748 706 770 634 721 
3025 8,070 8,265 8,016 8,016 7,212 6,185 6,742 5,738 4,547 
3026 3,645 4,338 4,317 4,317 4,272 4,170 4,101 4,121 4,319 
3028 2,932 3,197 3,026 3,026 3,706 3,521 3,871 3,468 3,541 
3029 3,583 3,815 3,690 3,690 4,184 4,045 4,572 3,919 4,163 
3030 4,143 4,608 4,814 4,814 5,083 5,179 6,008 5,161 5,713 
3031 2,070 2,393 2,349 2,349 2,357 2,153 2,124 1,937 2,040 
3032 2,158 2,394 2,432 2,432 2,339 2,238 2,416 2,193 2,306 
3033 1,590 1,854 1,637 1,637 1,670 1,505 1,628 1,433 1,375 
3034 1,198 1,234 1,154 1,154 1,216 1,086 1,140 1,055 980 
3036 881 997 942 942 1,050 866 1,063 912 839 
3037 1,307 1,606 1,702 1,702 2,164 2,623 3,084 2,811 3,080 
3038 2,508 2,691 2,639 2,639 2,987 2,911 3,177 2,719 2,643 
3039 1,539 1,596 1,567 1,567 1,570 1,471 1,555 1,366 1,398 
3040 2,530 2,701 2,631 2,631 2,589 2,358 2,481 2,168 2,226 
3041 1,175 1,255 1,226 1,226 1,256 1,119 1,202 1,025 1,056 
3042 1,603 1,723 1,684 1,684 1,739 1,625 1,703 1,570 1,475 
3043 1,323 1,677 1,620 1,620 1,725 1,660 1,659 1,530 1,413 
3045 930 935 706 706 605 631 660 576 607 
3051 1,243 1,392 1,428 1,428 1,517 1,404 1,386 1,307 1,286 
3052 1,589 1,680 2,081 2,081 2,079 1,792 1,773 1,593 1,658 
3053 1,461 1,801 1,867 1,867 1,995 1,985 2,140 2,017 2,009 
3054 780 848 809 809 902 827 832 784 792 
3065 1,417 1,433 1,511 1,511 1,505 1,423 1,434 1,355 1,344 
3066 830 844 863 863 849 757 748 730 735 
3067 3,916 3,654 3,736 3,736 3,490 2,836 2,522 2,506 2,333 
3068 2,108 2,302 2,256 2,256 2,219 2,017 2,002 1,803 1,841 
3121 3,504 4,120 4,026 4,026 4,391 3,832 3,473 3,133 3,225 
3211 111 173 119 119 137 122 144 98 97 
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South East Water - Total Billed Consumption by Postcode in Megalitres – 1 
 
Postcode 2000/01 2001/02 2002/03 2003/04 2004/05 
3004 2378 2253 2269 2051 2092 
3006 164 183 244 335 392 
3141 1974 1784 1783 1599 1588 
3142 2548 2266 2508 2145 2137 
3143 855 758 821 688 692 
3145 6293 4554 4697 3809 3792 
3152 4762 4212 4350 3842 3597 
3153 3294 2920 2972 2695 2584 
3154 1038 919 948 791 770 
3156 4748 4398 4610 4031 3993 
3158 153 136 142 122 119 
3159 242 219 214 197 194 
3160 790 709 745 660 653 
3161 1897 1683 1838 1522 1540 
3162 1802 1620 1698 1448 1443 
3163 2303 2074 2187 1960 1914 
3165 2093 1913 1955 1734 1699 
3166 1435 1300 1352 1242 1221 
3167 2231 2006 2085 1875 1850 
3168 3013 2704 2715 2551 2493 
3169 2227 2055 2005 1886 1819 
3171 1238 1160 1124 1016 1003 
3172 1832 1647 1664 1454 1433 
3173 1475 1331 1364 1187 1184 
3174 1245 1157 1110 973 953 
3175 18262 16756 16394 15204 14444 
3177 612 578 551 498 485 
3178 2167 2060 2294 2121 2147 
3179 2205 2017 1996 1740 1738 
3180 1056 947 956 845 817 
3181 1501 1371 1396 1264 1249 
3182 1751 1706 1736 1571 1552 
3183 1304 1236 1246 1124 1116 
3184 1000 958 962 875 853 
3185 1146 1029 1088 956 948 
3186 3143 2838 3026 2558 2531 
3187 1725 1541 1719 1405 1398 
3188 1007 945 976 812 812 
3189 4107 3701 3796 3513 3177 
3190 790 737 722 639 626 
3191 1186 1078 1057 870 870 
3192 2151 1862 1884 1635 1604 
3193 2638 2407 2560 2068 2049 
3194 1145 1066 1083 945 963 
3195 4458 4254 4303 3890 4010 
3196 1619 1510 1502 1349 1380 
3197 1416 1324 1378 1216 1224 
3198 1382 1283 1264 1118 1073 
3199 4286 3851 3858 3376 3173 
3200 1206 1122 1101 960 933 
3201 1813 1945 2102 1828 1833 
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South East Water - Total Billed Consumption by Postcode in Megalitres – 2 
 
Postcode 2000/01 2001/02 2002/03 2003/04 2004/05 
3202 2,434 1,805 1,980 1,725 1,970 
3204 1,670 1,558 1,602 1,395 1,386 
3205 998 1,019 1,071 995 1,001 
3206 544 534 547 490 484 
3207 3,636 3,426 3,392 3,324 3,222 
3783 729 671 711 661 657 
3802 2,360 2,170 2,187 1,951 1,884 
3803 1,331 1,265 1,279 1,172 1,192 
3804 3,326 3,201 3,676 3,499 3,339 
3805 1,806 1,911 2,296 2,339 2,418 
3806 2,358 2,439 2,966 3,014 3,184 
3807 111 114 147 156 183 
3808 295 242 283 249 243 
3809 952 973 1,430 1,373 1,662 
3810 1,175 1,218 1,363 1,540 1,771 
3812 1,774 2,998 2,253 2,202 2,393 
3813 36 39 42 37 41 
3814 1,218 1,258 1,259 1,226 1,106 
3815 364 316 380 355 306 
3816 490 573 545 511 528 
3910 1,412 1,375 1,497 1,367 1,435 
3911 1,538 1,373 1,576 1,427 1,323 
3912 1,148 1,051 1,135 1,023 1,015 
3913 1,715 1,621 1,710 1,572 1,505 
3915 1,496 1,261 1,566 1,437 1,221 
3916 383 317 360 325 297 
3918 457 448 491 459 434 
3919 152 151 146 140 136 
3926 482 426 451 409 404 
3927 70 60 62 54 52 
3929 1,443 1,150 1,494 1,123 1,128 
3930 1,855 1,647 1,915 1,608 1,523 
3931 1,097 1,108 1,185 1,109 1,104 
3933 8,808 8,544 13,815 13,286 12,213 
3934 812 845 893 826 801 
3936 154 151 158 141 137 
3937 24,251 16,843 18,214 11,645 10,761 
3938 30 30 30 26 25 
3939 592 558 564 505 494 
3940 179 177 182 154 154 
3941 534 523 519 444 438 
3942 65 61 63 50 50 
3943 116 111 113 91 90 
3944 343 341 352 240 224 
3975 83 101 126 154 173 
3976 781 780 819 808 855 
3977 5,943 6,029 7,079 7,028 7,379 
3978 3,179 2,961 3,899 3,784 3,434 
3980 105 95 102 94 90 
3981 436 436 462 430 430 
3984 330 340 357 332 328 
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Yarra Valley Water - Total Billed Consumption by Postcode in Megalitres – 1 
 
Postcode 1997/98 1998/99 1999/00 2000/01 2001/02 2002/03 2003/04 2004/05
3043 1,507 1,518 1,557 1,581 1,434 1,561 1,404 1,333 
3044 2,104 2,014 2,111 2,129 1,882 2,083 1,873 1,812 
3046 2,993 2,977 2,931 3,028 2,769 2,889 2,600 2,506 
3047 2,675 2,370 2,618 2,573 2,494 2,470 2,230 2,172 
3048 3,179 3,393 3,834 3,126 3,199 2,908 3,023 3,289 
3049 834 807 867 897 805 908 790 781 
3055 1,207 1,182 1,243 1,192 1,086 1,096 1,053 1,009 
3056 2,144 2,119 2,221 2,178 2,021 2,045 2,013 1,983 
3057 881 876 910 892 857 862 800 770 
3058 5,265 4,491 4,191 4,095 3,439 3,599 3,306 3,055 
3059 1,013 1,027 1,127 1,179 1,076 1,271 1,065 1,037 
3060 1,406 1,391 1,501 1,551 1,344 1,379 1,243 1,200 
3061 1,776 1,695 1,741 1,614 1,612 1,711 1,565 1,688 
3062 329 324 350 337 271 287 240 295 
3063 33 28 46 27 12 17 19 22 
3064 1,661 1,608 1,968 2,136 2,209 2,567 2,491 2,711 
3068 50 49 55 54 47 48 45 43 
3070 2,326 2,212 2,300 2,340 2,100 2,150 1,980 1,902 
3071 1,743 1,655 1,675 1,648 1,520 1,556 1,478 1,433 
3072 3,693 3,485 3,639 3,731 3,554 3,569 3,347 3,326 
3073 5,365 5,115 5,359 5,484 5,026 4,773 4,438 4,259 
3074 3,751 3,211 3,605 3,654 3,088 2,969 2,699 2,677 
3075 2,010 1,893 1,977 1,941 1,784 1,824 1,678 1,592 
3076 1,803 1,606 1,927 1,976 1,831 1,930 1,786 1,889 
3078 1,979 1,801 1,757 1,672 1,427 1,817 1,409 1,223 
3079 1,776 1,657 1,744 1,785 1,554 1,721 1,559 1,501 
3081 1,744 1,598 1,614 1,656 1,496 1,478 1,380 1,367 
3082 2,793 2,608 2,900 2,979 2,769 2,919 2,669 2,633 
3083 2,746 2,609 2,872 2,855 2,757 2,990 2,793 2,565 
3084 2,832 2,629 2,740 2,747 2,467 2,604 2,345 2,207 
3085 1,278 1,217 1,211 1,219 1,088 1,158 1,028 1,020 
3087 794 816 852 849 776 789 719 707 
3088 2,796 2,731 2,824 2,820 2,566 2,654 2,440 2,346 
3089 1,017 1,016 1,077 1,118 1,003 1,079 966 940 
3090 151 137 167 189 188 222 210 204 
3091 258 219 265 286 223 284 209 188 
3093 456 439 482 496 438 523 454 436 
3094 869 839 869 879 785 826 750 708 
3095 3,202 3,170 3,389 3,537 3,039 3,328 2,866 2,705 
3096 162 161 178 175 156 170 153 140 
3097 115 98 109 116 84 118 98 89 
3099 417 389 426 416 371 397 352 325 
3101 3,217 2,944 3,024 3,014 2,699 2,939 2,611 2,505 
3102 830 761 772 789 687 751 701 670 
3103 1,754 1,560 1,610 1,622 1,441 1,598 1,443 1,384 
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Yarra Valley Water - Total Billed Consumption by Postcode in Megalitres – 2 
 
Postcode 1997/98 1998/99 1999/00 2000/01 2001/02 2002/03 2003/04 2004/05
3104 2,306 2,139 2,203 2,219 1,916 2,140 1,846 1,767 
3105 1,206 1,154 1,255 1,260 1,096 1,166 1,066 1,015 
3106 2,215 1,985 2,140 2,160 1,878 2,167 1,886 1,745 
3107 1,542 1,397 1,451 1,460 1,280 1,400 1,251 1,168 
3108 2,109 1,992 2,162 2,177 1,908 2,043 1,894 1,792 
3109 2,823 2,659 2,743 2,825 2,538 2,658 2,469 2,344 
3111 1,378 1,241 1,303 1,347 1,162 1,344 1,181 1,116 
3113 1,139 1,025 1,063 1,127 934 1,102 935 857 
3114 475 410 450 487 398 462 408 355 
3115 457 441 507 532 440 545 454 443 
3116 713 707 781 934 784 919 819 786 
3122 2,845 2,614 2,599 2,513 2,262 2,461 2,309 2,206 
3123 1,424 1,385 1,416 1,503 1,375 1,482 1,326 1,263 
3124 2,446 2,086 2,209 2,402 2,232 2,439 2,172 2,089 
3125 2,087 1,993 2,128 1,675 1,254 1,308 1,181 1,147 
3126 1,189 1,029 1,114 1,081 929 1,056 927 890 
3127 1,811 1,710 1,778 1,777 1,538 1,698 1,564 1,486 
3128 5,005 4,814 4,132 4,642 4,360 4,079 3,752 3,330 
3129 1,668 1,624 1,664 1,689 1,491 1,567 1,437 1,351 
3130 2,878 2,751 2,898 2,906 2,599 2,776 2,575 2,433 
3131 2,351 2,162 2,275 2,283 2,001 2,094 1,915 1,847 
3132 1,517 1,390 1,445 1,464 1,268 1,459 1,312 1,196 
3133 2,185 2,065 2,135 2,177 1,895 2,051 1,872 1,744 
3134 3,461 3,291 3,508 3,632 3,259 3,402 3,117 2,980 
3135 1,575 1,555 1,652 1,664 1,475 1,608 1,488 1,418 
3136 3,878 3,539 3,760 4,001 3,488 3,702 3,420 3,306 
3137 1,263 1,262 1,308 1,398 1,175 1,285 1,203 1,138 
3138 1,811 1,753 1,847 1,875 1,588 1,703 1,583 1,504 
3139 1,349 1,117 1,149 1,311 1,092 1,186 1,155 1,075 
3140 1,691 1,486 1,669 1,786 1,535 1,710 1,438 1,377 
3142 604 514 565 548 489 564 497 469 
3143 545 489 554 537 482 513 472 466 
3144 1,750 1,668 1,682 1,653 1,473 1,578 1,412 1,400 
3145 2,487 2,206 2,352 2,306 2,018 2,177 1,961 1,905 
3146 2,206 2,035 2,163 2,375 2,146 2,362 2,115 2,046 
3147 1,447 1,224 1,293 1,293 1,166 1,234 1,108 1,088 
3148 708 758 930 915 872 898 855 809 
3149 3,549 3,165 3,345 3,345 3,031 3,233 2,897 2,821 
3150 5,475 5,037 5,229 5,493 5,064 5,530 4,996 4,908 
3151 1,039 986 1,059 1,194 1,001 994 932 902 
3153 1,054 955 1,007 986 913 903 870 839 
3158 10 7 9 10 8 10 8 7 
3159 75 70 76 85 71 78 71 67 
3160 2 2 4 3 2 2 2 2 
3166 354 365 363 354 360 363 339 348 
 
 
 
 
Determining an Urban Water Consumption model based on Socio-Demographic Factors 
Appendix 1                                                                                                                         172 
 
Yarra Valley Water - Total Billed Consumption by Postcode in Megalitres – 3 
 
Postcode 1997/98 1998/99 1999/00 2000/01 2001/02 2002/03 2003/04 2004/05
3168 1,384 1,348 1,441 1,457 1,314 1,300 1,189 1,189 
3170 3,444 3,209 3,211 3,279 2,862 2,807 2,460 2,500 
3750 17 19 19 19 19 19 17 24 
3752 324 324 407 475 556 696 722 814 
3754 332 297 317 308 301 345 323 350 
3755 26 32 37 36 40 42 27 30 
3757 288 273 265 261 260 326 308 317 
3759 187 180 187 171 98 112 102 91 
3765 665 613 659 701 559 619 597 548 
3766 85 81 81 98 73 81 79 70 
3767 115 113 109 128 92 108 100 102 
3770 463 338 400 443 349 448 443 374 
3775 240 189 201 238 202 237 268 234 
3777 890 833 885 972 852 922 876 826 
3781 306 305 316 343 313 316 304 293 
3782 670 643 709 771 648 701 660 607 
3783 104 100 107 116 101 115 110 111 
3785 13 9 10 12 8 9 9 8 
3786 142 124 130 153 112 125 111 100 
3787 96 89 94 106 82 92 85 82 
3788 191 190 196 212 151 181 168 146 
3789 66 64 46 53 40 49 46 39 
3791 135 120 129 143 115 128 117 110 
3792 84 88 88 102 78 88 84 81 
3793 423 432 413 455 366 405 400 392 
3795 211 133 179 189 128 145 133 120 
3796 872 786 839 888 728 798 753 724 
3797 212 198 218 246 195 210 214 194 
3799 579 495 543 570 486 513 477 478 
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APPENDIX 2 
Socio-demographic variables originally extracted from the ABS Census data - 1 
 
CODE NAME TABLE SPLIT TABLE
Business Counts Number of business ABS dataset   
Distance From GPO Distance from GPO in km ABS dataset   
Postcode area Postcode area in square km ABS dataset   
Dwell_Density Dwellings per square km B18 & ABS dataset   
Male_P Total Persons, Male B01   
Female_P Total Persons, Female B01   
Total_Pop Total Persons, Persons B01   
AGED_0_14 Total 10-14,Persons B03   
AGED_15_24 Total 15-24,Persons B03   
AGED_25_39 Total 25-39,Persons B03   
AGED_40_54 Total 40-54,Persons B03   
AGED_55_69 Total 55-69,Persons B03   
AGED_70__P Total 70 years and over, Persons B03   
OVERSEAS_V Overseas visitors, Persons B03   
TOTAL_PERS Total, Persons B03   
TOTAL_MARR Total, Married Persons B04   
TOTAL_SEPA Total, Separated Persons B04   
TOTAL_DIVO Total, Divorced Persons B04   
TOTAL_WIDO Total, Widowed Persons B04   
TOTAL_NEVE Total, Never married Persons B04   
OCEANIA_AN Oceania and Antarctica: Total, Persons  by Birthplace B07   
SPEAKS_ENG_H Speaks English ,Persons at Home  B08   
ARABIC_PER_H Arabic, Persons at Home  B08   
CHINESE_LA_H Chinese_Lang_Total_Persons at Home  B08   
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Socio-demographic variables originally extracted from the ABS Census data – 2 
 
CODE NAME TABLE SPLIT TABLE
GREEK_PERS_H Greek, Persons at Home B08  
ITALIAN_PE_H Italian, Persons at Home B08  
VIETNAMESE_H Vietnamese, Persons at Home B08  
OTHER_PERS_H Other, Persons at Home B08  
SPEAKS_OTH_H Speaks other language at Home  Total, Persons B08  
NOT_STATED_H Not stated, Persons at Home B08  
TOTAL_PERS_H Total, Persons B08  
SPEAKS_ENG Speaks English only, Total B09  
S_OTH_L_A Speaks other language and speaks English: Very well or Well, Total B09  
S_O_L_A_S Speaks other language and speaks English: not well or not at all, Total B09  
SP_OTH_LAN Speaks other language and speaks English: Total, Total B09  
NW_EUROPE North-West Europe: Total, Persons by Birthplace B07  
SE_EURO_TO Southern and Eastern Europe: Total, Persons by Birthplace B07  
N_AFRICA_M North Africa and the Middle East: Total, Persons by Birthplace B07  
SOUTH_EAST South-East Asia: Total, Persons by Birthplace B07  
NORTH_EAST North East Asia: Total, Persons by Birthplace B07  
S_CENT_ASI Southern and Central Asia: Total, Persons by Birthplace B07  
AMERICAS_T Americas: Total, Persons by Birthplace B07  
S_SAHARAN Sub-Saharan Africa: Total, Persons by Birthplace B07  
P_UNREL_IN Persons, Unrelated individual in family household, Total B14 B 
P_GROUP_HO Persons, Group household member, Total B14 B 
P_LONE_PER Persons, Lone person, Total B14 B 
P_VISITOR Persons,Visitor,Total B14 B 
P_OVERSEAS Persons,Overseas visitor,Total B14 B 
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Socio-demographic variables originally extracted from the ABS Census data – 3 
 
CODE NAME TABLE SPLIT TABLE
P_TOTAL_TO Persons in household,Total,Total B14 B 
CF_TOTAL_F Couple Family Total,Families B17  
CF_WO_CHIL Couple family w/o children,Families B17  
ONE_PF_TOT One parent total,Families B17  
OTHER_FAMI Other family,Families B17  
TOTAL_FAM Total,Families B17  
SEPARATE_H Separate House,Dwellings B18  
SD_ROW_OR Total semi detached,Dwellings B18  
FL_UNIT_AP Total flat unit or apartment,Dwellings B18  
OD_TOTAL_D Total other dwelling,Dwellings B18  
NOT_STATED Not stated,Dwellings B18  
UNOCCUPIED Unoccupied,Dwellings B18  
TOTAL_DWEL Total,Dwellings B18  
TOTAL_FULL Total,Fully owned B19  
TOTAL_BEIN Total,Being Purchased B19  
TOTAL_RENT Total,Rented: Total B19  
TOTAL_OTHE Total,Other Tenure type B19  
MTH_HOUSE_1 Mth_house_repay_1_599 B20  
MTH_HOUSE_2 Mth_house_repay_600-799 B20  
MTH_HOUSE_3 Mth_house_repay_800-999 B20  
MTH_HOUSE_4 Mth_house_repay_1000-1399 B20  
MTH_HOUSE_5 Mth_house_repay_1400 and_over B20  
MTH_HOUSE_6 Mth_house_repay_Not_Stated B20  
MTH_HOUSE_7 Mth_house_repay_Total B20  
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Socio-demographic variables originally extracted from the ABS Census data – 4 
 
CODE NAME TABLE SPLIT TABLE
PERSONS_FU Full-time,Persons B22  
PERSONS_PA Part-time,Persons B22  
PERSONS_TO_WORK Total,Persons B22  
PERSONS_UN Unemployed,Persons B22  
PERSONS_TO_LA Total labour force,Persons B22  
PERSONS_NO_LA Not in the labour force,Persons B22  
PERSONS_UN_RA Unemployment rate,Persons B22  
PERSONS_SA_1 Same address 1 year ago,Persons B22  
PERSONS_DI_1 Different address 1 year ago,Persons B22  
PERSONS_SA_5 Same address 5 years ago,Persons B22  
PERSONS_DI_5 Different address 5 years ago,Persons B22  
PERS_POGR Postgraduate Degree,Persons B23  
P_GRAD_DIP Graduate Diploma and Graduate Certificate,Persons B23  
PERS_BA Bachelor Degree,Persons B23  
P_ADV_DIP Advanced Diploma and Diploma,Persons B23  
PERS_CE Certificate,Persons B23  
P_MNGRS Persons: Managers and Administrators,Total B27 A 
P_PROFESSI Persons: Professionals,Total B27 A 
P_ASSOCIAT Persons: Associate Professionals,Total B27 A 
P_TRADESP Persons: Tradespersons and Related Workers,Total B27 B 
P_ADV_CLRC Persons: Advanced Clerical and Service Workers,Total B27 B 
P_INT_CLER Persons: Interm. Clerical, Sales & Service Workers,Total B27 B 
P_INT_PROD Persons: Intermed. Production & Transport Workers,Total B27 B 
P_ELM_CLER Persons: Elemen. Clerical, Sales & Service Workers,Total B27 B 
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Socio-demographic variables originally extracted from the ABS Census data – 5 
 
CODE NAME TABLE SPLIT TABLE
P_LBRERS_A Persons: Labourers and Related Workers,Total B27 B 
P_INADEQUA Persons: Inadequately described,Total B27 B 
PERS_TO_WOR Persons: Total,Total B27 B 
H_HOLDS_0 0 motor vehicle: Total,Dwellings B29  
H_HOLDS_1 1 motor vehicle: Total,Dwellings B29  
H_HOLDS_2 2 motor vehicles: Total,Dwellings B29  
H_HOLDS_3 3 motor vehicles:  Total,Dwellings B29  
MV_NOT_STA Number of motor vehicles not stated: Total,Dwellings B29  
NEGATIVE_N Total,Neg/nil Family income B30  
A1_199_TOT Total Family income,$1-$199 B30  
A200_299_T Total Family  income,$200-$299 B30  
A300_399_T Total Family  income,$300-$399 B30  
A400_499_T Total Family  income,$400-$499 B30  
A500_599_T Total Family  income,$500-$599 B30  
A600_699_T Total Family  income,$600-$699 B30  
A700_799_T Total Family  income,$700-$799 B30  
A800_999_T Total Family income,$800-$999 B30  
A1000_1199 Total Family income,$1,000-$1,199 B30  
A1200_1499 Total Family income,$1,200-$1,499 B30  
A1500_1999 Total Family income,$1,500-$1,999 B30  
A2000_MORE Total Family  income,$2,000 or more B30  
Australia By Birthplace Australia_Persons B06  
Canada By Birthplace Canada_Persons B06  
China By Birthplace China_P_ex_SARs_Taiwan_Prov B06  
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Socio-demographic variables originally extracted from the ABS Census data – 6 
 
CODE NAME TABLE SPLIT TABLE
Croatia By Birthplace Croatia_Persons B06  
Egypt By Birthplace Egypt_Persons B06  
Fiji By Birthplace Fiji_Persons B06  
France By Birthplace France_Persons B06  
Germany By Birthplace Germany_Persons B06  
Greece By Birthplace Greece_Persons B06  
HK By Birthplace Hong_Kong_P_(SAR of China) B06  
India By Birthplace India_Persons B06  
Indonesia By Birthplace Indonesia_Persons B06  
Ireland By Birthplace Ireland_Persons B06  
Italy By Birthplace Italy_Persons B06  
Korea By Birthplace  Korea_Rep_of_Persons_(South) B06  
Lebanon By Birthplace  Lebanon_Persons B06  
Macedonia By Birthplace Macedonia_FYROM_Persons B06  
Malaysia By Birthplace Malaysia_Persons B06  
Malta By Birthplace Malta_Persons B06  
Netherlands By Birthplace Netherlands_Persons B06  
NZ New_Zealand_Persons B06  
Philippines By Birthplace Philippines_Persons B06  
Poland By Birthplace Poland_Persons B06  
Singapore By Birthplace Singapore_Persons B06  
SouthAfrica By Birthplace South_Africa_Persons B06  
SriLanka By Birthplace Sri_Lanka_Persons B06  
Turkey By Birthplace Turkey_Persons B06  
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Socio-demographic variables originally extracted from the ABS Census data – 7 
 
CODE NAME TABLE SPLIT TABLE
UK By Birthplace United_Kingdom_Persons B06  
USA United_States_of_America_P B06  
Vietnam By Birthplace Viet_Nam_Persons B06  
Yugoslavia By Birthplace Federal_Rep_of_Yugoslavia_P B06  
Else _oseas By Birthplace Born_elsewhere_OS_Persons B06  
Buddhism Buddhism,Persons B10  
Anglican Christianity: Anglican,Persons B10  
Baptist Christianity: Baptist,Persons B10  
Catholic Christianity: Catholic,Persons B10  
Christ_Other Christianity: Other Christian,Persons total myself B10  
Hinduism Hinduism,Persons B10  
Islam Islam,Persons B10  
Judaism Judaism,Persons B10  
Oth_Reli Other Religions: Total,Persons B10  
No_Reli No Religion,Persons B10  
Pre_sch_Edu Pre-school,Persons B11  
Primary_Edu Infants/Primary: Total,Persons B11  
Seco_edu Secondary: Total,Persons B11  
Tech_FuEd_Edu Technical or Further Ed institution: Total,Persons B11  
Uni_Tert_Edu University or other Tertiary Institution: Total,Persons B11  
Other _Edu Other Total,Persons B11  
A0_199_Indinc Weekly Individual Income Persons,$0 - $199,Total B13 B 
A200_599_Indinc Weekly Individual Income Persons,$200 - $599,Total B13 B 
A600_999_Indinc Weekly Individual Income Persons,$600 - $999,Total B13 B 
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Socio-demographic variables originally extracted from the ABS Census data – 8 
 
CODE NAME TABLE SPLIT TABLE
A1,000_Indinc_more Weekly Individual Income Persons,$1000 More,Total B13 B 
Home_innet Internet Use, at home,Persons B16  
Work_innet Internet Use, at work,Persons B16  
Else_innet Internet Use, elsewhere,Persons B16  
Total_innet Total Uses the internet,Persons B16  
No_innet No Internet Use,Persons B16  
Nat_Phy_Sci Natural and Physical Sciences,Persons B24  
Info_Tech Information Technology,Persons B24  
Eng_Tech Engineering and Related Technologies,Persons B24  
Arch_Build Architecture and Building,Persons B24  
Agri_Env_Study Agriculture, Environmental & Related Studies,Persons B24  
Health Health,Persons B24  
Edu Education,Persons B24  
Manag_Comm Management and Commerce,Persons B24  
Society_Culture Society and Culture,Persons B24  
Creative_Arts Creative Arts,Persons B24  
Food_Hosp_Service Food, Hospitality and Personal Services,Persons B24  
Mixed_Field_Study Mixed Field Programmes,Persons B24  
Other_Study Field of Study inadequately described,Persons B24  
AgriForFis_Indus Persons: Agriculture, Forestry and Fishing,Total B26 B 
Mining_Indus Persons: Mining,Total B26 B 
Manfa_Indus Persons: Manufacturing,Total B26 B 
ElecGasWat_Indus Persons: Electricity, Gas and Water Supply,Total B26 B 
Const_Indus Persons: Construction,65 and over B26 B 
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Socio-demographic variables originally extracted from the ABS Census data – 9 
 
CODE NAME TABLE SPLIT TABLE
Wholesale_Indus Persons: Wholesale Trade,Total B26 B 
Retail_Indus Persons: Retail Trade,Total B26 B 
AccoCafRest_Indus Persons: Accommodation, Cafes and Restaurants,Total B26 B 
CommSer_Indus Persons: Transport and Storage,Total B26 B 
TransStor_Indus Persons: Communication Services,Total B26 B 
FinInsu_Indus Persons: Finance and Insurance,Total B26 B 
PropBusi_Indus Persons: Property and Business Services,Total B26 B 
GovAdmDefe_Indus Persons: Government Administration and Defence,Total B26 B 
Edu_Indus Persons: Education,Total B26 B 
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Socio-demographic variables used in final Multivariate Analysis – 1 
 
CODE NAME UNIT TABLE SPLIT TABLE 
Pcode Postcode ID ABS dataset   
P_Name PostcodeName Character ABS dataset   
Water_Auth Water Authorities Character Water Authorities   
Business Counts Number of business Count ABS dataset   
Distance From GPO Distance from GPO km ABS dataset   
Postcode area Postcode area in square km square km ABS dataset   
Dwell_Density Dwellings per square km Dwel/square km B18 & ABS dataset   
Male_P Total Persons,Male Percentage B01   
Female_P Total Persons,Female Percentage B01   
@2000_01ML Water consumption during 2000_01 Megalitres Water Authorities   
@2001_02ML Water consumption during 2001_02 Megalitres Water Authorities   
@2002_03ML Water consumption during 2002_03 Megalitres Water Authorities   
@2003_04ML Water consumption during 2003_04 Megalitres Water Authorities   
@2004_05ML Water consumption during 2004_05 Megalitres Water Authorities   
AGED_0_14 Total 10-14,Persons Percentage B03   
AGED_15_24 Total 15-24,Persons Percentage B03   
AGED_25_39 Total 25-39,Persons Percentage B03   
AGED_40_54 Total 40-54,Persons Percentage B03   
AGED_55_69 Total 55-69,Persons Percentage B03   
AGED_70__P Total 70 years and over,Persons Percentage B03   
OVERSEAS_V Overseas visitors,Persons Percentage B03   
TOTAL_MARR Total,Married Persons Percentage B04   
TOTAL_NEVE Total,Never married Persons Percentage B04   
EUROPE Europe: Total,Persons by Birthplace Percentage B07   
ASIA Asia: Total,Persons by Birthplace Percentage B07   
AMERICAS Americas: Total,Persons by Birthplace Percentage B07   
S_SAHARAN Africa: Total,Persons by Birthplace Percentage B07   
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Socio-demographic variables used in final Multivariate Analysis – 2 
 
CODE NAME UNIT TABLE SPLIT TABLE 
TOTAL_FAM Total,Families Percentage B17  
SEPARATE_H Separate House,Dwellings Count B18  
SD_ROW_OR Total semi detached,Dwellings Count B18  
FL_UNIT_AP Total flat unit or apartment,Dwellings Count B18  
TOTAL_DWEL Total,Dwellings Count B18  
PERSONS_EM Employed,Persons Percentage B22  
PERSONS_UN Unemployed,Persons Percentage B22  
PERSONS_SA_1 Same address 1 year ago,Persons Percentage B22  
PERSONS_DI_1 Different address 1 year ago,Persons Percentage B22  
PERS_POGR Postgraduate Degree,Persons Percentage B23  
P_GRAD_DIP Graduate Diploma and Graduate Certificate,Persons Percentage B23  
PERS_BA Bachelor Degree,Persons Percentage B23  
P_ADV_DIP Advanced Diploma and Diploma,Persons Percentage B23  
PERS_CE Certificate,Persons Percentage B23  
P_MN_PR_ASST PersonsManagersAdministratorsProfessionalsandAssociatePro Percentage B27  
P_TRAD_CLRC PersonsTradespersonsRelatedWorkersAdvancedClericalandSer Percentage B27  
P_INT_CLER_PROD PersonsInterm.ClericalSalesServiceWorkersProduction Percentage B27  
P_ELM_CLER_LBR PersonsElemen.ClericalSalesServiceWorkersLabourersand Percentage B27  
School Pre-school, Primary & Secondary: Total,Persons Percentage B11  
Uni_Tert_Tech_Edu University or other Tertiary & Technical Ed institution: Total,Persons Percentage B11  
A0_199_Indinc Weekly Individual Income Persons,$0 - $199,Total Percentage B13 B 
A200_599_Indinc Weekly Individual Income Persons,$200 - $599,Total Percentage B13 B 
A600_999_Indinc Weekly Individual Income Persons,$600 - $999,Total Percentage B13 B 
A1,000_Indinc_more Weekly Individual Income Persons,$1000 More,Total Percentage B13 B 
P_UNREL_IN_GROUP Persons,Unrelated individual in family household & Group,Total Percentage B13 B 
P_LONE_PER Persons,Lone person,Total Percentage B14 B 
TOTAL_FULL_BEIN Total,Fully owned & Being Purchased Percentage B19  
TOTAL_RENT Total,Rented: Total Percentage B19  
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APPENDIX 3 
 
FACTOR ANALYSIS 
 
 
Descriptive Statistics 
 
Variables Mean Std. Deviation Analysis N 
Dwelling Density Sqkm 640.68 644.87 235 
Business Counts 770.35 684.05 235 
Distance from GPO km 29.00 19.05 235 
2004_05ML 1371.27 1024.88 235 
Total Families 26.33 2.80 235 
Separate Dwellings 3524.23 3012.40 235 
Semi detached Dwellings 514.08 624.96 235 
Flats 676.84 1107.99 235 
Unemployed 2.97 1.10 235 
High Qualification 1.80 1.54 235 
Less Qualification 11.56 3.10 235 
Income 10K- 20.46 3.75 235 
Income 50K+ 9.98 5.15 235 
Owners 26.21 4.40 235 
Renters 8.71 5.87 235 
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APPENDIX 4 
 
REGRESSION ANALYSIS 
 
 
Dependent Variable 2000-01 
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Regression 
  
Dependent Variable 2004-05 
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APPENDIX 5 
THEMATIC MAPS 
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